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PREFACE TO THE FIRST EDITION 


The present volume is an enlarged edition of that published 
in 1887, and has been completely rewritten. The preparations 
have all been carefully revised, some of the former ones omitted 
and many new ones introduced. The chief additions are the 
introductory chapters on organic analysis and molecular weight 
determinations, and an extension of the appendix. 

The book does not aim at being a complete laboratory guide, 
but is intended to provide a systematic course of practical instruc- 
tion, illustrating a great variety of reactions and processes with a 
very moderate outlay in materials and apparatus. 

The objection may be raised that the detailed description of 
processes makes no demand upon a student^s resourcefulness or 
ingenuity. It must be remembered, however, that the manipu- 
lative part of organic chemistry is so unfamiliar to the elementary 
student that he require^ minute directions in order to avoid waste 
of time and material. Until he has acquired considerable practical 
skill he cannot accomplish the experimental work requisite for 
research, and repeated failures will be apt to destroy his confidence 
in himself. 

To satisfy, to a legitimate extent, the prejudices of certain 
examining bodies, who still adhere to the old system of testing 
a student’s knowledge of practical organic chemistry by means 
of the qualitative analysis of certain meaningless mixtures, the 
special tests for some of the more common organic substances have 
been inserted. At the same time, an attempt has been made at 
the end of the appendix to systematise the analysis of organic 
substances on a broader and therefore more rational basis. 

The present occasion seems opportune to direct attention to 
the fact that one of the most familiar, most readily procurable 
and most cheaply produced of ail organic materials is placed 
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beyond the reach of many $tudents by the heavy duty levied upon 
it* May I, m the name of teachers of organic chemistry, ai^eal 
to the Board of Inland Revenue, on behalf of scientific and technical 
education, to provide institutions for higher education in science 
with a limited quantity of pure alcohol free of duty, thereby placing 
schools of chemistry in this country in the same position as those 
on the Continent ? 

In conclusion I desire to tliank Dr. J. McCrae, who has written 
the section on Ethyl Tartrate and the use of the Polarimeter, Dr. 
T, S, Patterson, who has been kind enough to look over the proofs, 
and Mr. H. D. Dakin, who has given me substantial assistance in 
the practical work of revision. 

J. B. COHEN. 

The Yorkshire College, 

October^ 1900. 




PREFACE TO THE SECOND EDITION 

Ik the former edition attention was drawn to certain drawbacks 
which accompanied the study of practical organic chemistry, among 
which the heavy duty on alcohol and the unsatisfactory nature of 
the practical tests demanded by public examining bodies were 
specially emphasised. 

Teachers and students alike must welcome the changes which 
have since taken place. An excise duty on alcohol used in the 
laboratory is no longer exacted from students of science, and sub- 
stantial reforms have been introduced into practical examinations. 

One important feature in some of the new examination regulations 
is the recognition of the candidate's signed record of laboratory 
work. We are, in fact, beginning to discover an inherent defect in 
practical chemistry as an examination subject, namely, its resistance 
to compression into a compact and convenient examination form. 

The old and drastic method by which chemistry was made to 
fit into a syllabus consisted in cutting out the core of the subject, 
or in other words, in removing all the processes which demanded 
time, skill, and some intelligence, and in reducing the examination 
to a set of exercises in a kind of legerdemain. This process has 
been to a large extent abandoned, but a residuum of it still remains. 
It is to be hoped that the kind of practical examination in organic 
chemistry which consists in allotting a few hours to the identifi^ 
cation of a substance selected from a particular list will in time be 
superseded or accompanied by a scheme encouraging candidates 
to show, in addition to their note-books, evidence of skill and 
originality, as, for example, in submitting specimens of new or rare 
preparations, or in presenting an account of some small investigation. 

The present edition is much enlarged and contains new prepara- 
tions, reactions and quantitative methods, all of which have been 
carefiilly revised. My object has been not to follow any particular 

vii 
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$ 3 rllAbas, but to present a variety of processes from which a selectiim 
may be made to suit the special needs of different students. 

My thanks are due to Mr. Joseph Marshall, B.Sc., and several 
of my senfer students, for their assistance in the work of revision. 

J. B. COHEN. 

The University, Leeds. 
jay , 1908. 


PREFACE TO THE THIRD EDITION 

The development of organic chemistry, especially in the direction 
of new reactions and reagents and in the simplification of older 
methods, makes it necessary to extend the scope of the former 
edition. The new edition is therefore enlarged by the inclusion of a 
variety of new preparations, all of which, as in former editions, 
have l^n carefully rehearsed. 

A special section has been introduced for the benefit of those 
who, in increasing numbers, are taking up the study of biochemistry, 
and a number of rather more difficult preparations are added for 
the soiior student preparing for r@«arcb. 

1 desire to acknowlei^e my indebtedness to my colleagues, 
Mr. P. K. Butt and Mr. W. A. Wightman, for their help in the work 
of revision and to those of my studoits who undertook at my 
request the preparation of smne of the compounds described in the 
present edition. 

J. B. COHEN, 

The UitTVEXsnv, Leeds, 

* 9 * 4 * 
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SECTION I 

ANALYSIS AND MOLECULAR WEIGHTS 
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ORGANIC ANALYSIS 


QuftUtatlva Exfuninatlon* 

Gftrbon »n4 Bydrogan* — Carbon compounds are frequently 
inflammable^ and when heated on platinum foil take jfire or char 
and bum away. A safer test is to heat the substance with some 
easily reducible metallic oxide, the oxygen of which forms caibon 
dioxidfe with the carbon present. Take a smaU hard glass test-tube 
about 5 cm. (2 in.) long and 
attach to it a cork and bent- 
delivery tube of narrow glass 
tubing as shown iti Fig. i. Heat 
a gram or two of fine copper oxide 
in a porcelain crucible for a few 
minutes to drive off the moisture, 
and let it cool in a desiccator, Pjq ^ 1 1 

Mix it with about one-tenth of I * 

its bulk of powdered sugar in a mortar. Pour the mixture into the 
tube, the open end of which is now closed with the cork and delivery 
tube. Now tap the tube horizontally at the edge of the bench, so 
as to form a free channel above the mixture. Suspend it by a 
copper wire to the ring of a retort stand, and let the open end dip 
into lime or baryta water. Heat the mixture gently with a small 
flame. The gas which bubbles through the lime water turns it 
milky. Moisture will also appear on the sides of the tube, which, 
provided that the copper oxide has been thoroughly dried before* 
hand, indicates the presence of hydrogen in the compound. Gases^ 
or volatile substances like ether and alcohol, catmot, of course, be 
examiued in this way ; but an apparatus must be arranged so that 
<he gas or vapour is made to pass over a layer of red*hot copper 
Oxide and then through the lime water. 




p&ACTiCAL omAific chemistry 


IBteJifiu^Many organic nitrogeni compounds wtien strongly 
beated with soda-lime give off their nitr<^en in the form of ammonia, 
(Jiind up a fragment of cheese or a few crystals of urea with 5 to 6 
times im weight of soda-lime, pour the mixture into a small test- 
tube (preferably of hard glass) and cover it with an equally thick 
layer of soda^lime* Heat strongly, beginning at the top layer. 
* Ammonia is evolved and can be detected by the smell, or by holding 
a piece of moistened red litmus paper at the mouth of the tube. 
When nitrogm is present in direct combination with oxygen, as 
in the nitro- and azoxy-compounds, ammonia is not evolved. Tl^e 
following general method is applicable to all compounds and is 
therefore mme reliable. The c<mipound is heated with metallic 
potassitnn or sodium when potassium or sodium cyanide is formed. 
The subsequent test is the same as for cyanides. Pour about 10 c.c. 
of distilled water into a small beaker. Place a fragment of the sub- 
stance in a small test-tube along with a piece of metallic potassium 
or sodium the size of a coffee bean, and heat them at first gently 
until the reaction subsides, and then strongly until the glass is 
nearly red hot. Then place the hot end of the tube in the small 
beaker of water. The glass crumbles away, and any residual 
Sjodium is decomposed with a bright flash, all the cyanide rapidly 
goes into solution, whilst a quantity of carbon remains suspended 
in the liquid. Filter through a small filter into a test-tube. Add 
to the clear solution a few drops of ferrous sulphate solution, 
jind a dr<^ of ferric chloride, boil up for a minute, cool under the 
and acidify with dilute hydrochloric acid. A precipitate of 
l^rttsskn blue indicates the presence of nitrogen. If the liquid 
bas a blue colour, let it stand for an hour and examine it again for 
$ precipitate. If no jn-edpitate appears and the solution remains 
cbiar yeliowish-green colour, no nitrogen is present. 


if si^hur is present, an excess of alkali metal must be used to 
^veot the fonoation of sulphocyanide. 

I lie 9Uef»Bs.-^^ny halogen compounds impart a grcm fringe 
the outer acme of the non-luminous flame. A more delkate 
Pft tp beat the substance with copper oxide (Beilstem). Heat a 
i^igjinent o£ copper ovide, bdd ki the loop of a platiniun wire, in 
of the noa-lumioous flame until it ceases to colour 
p^^'fliiiihe ireen, Let it cool 4own a Iktle and then dost on some 




QUALfTATIVE EXAMIKATION 


5 


hmlc^en cnixipmnd (bromacetaniKde will serve tbis parpose, see 
Prep. 67, p, ijt). Now heat again. A bright green flame, accom^ 
panied by a bine zone iininediateiy round the oxide, indicates the 
presence of a halogen. The halogen in the niajarity of otganic 
compounds is not directly precipitated by silver nitrate. Only 
those compounds which, like the hydracids and their metallic salts> 
dissociate in solution into free ions give this reaction. If, however, 
the organic compound is first destroyed, and the halogen oonverted 
into a soluble metallic salt, the test may be applied. Heat the 
substance with a fragment of metallic sodium or potassium as in 
the test for nitrogen, p. 4. The test-tube whilst hpt is placed in 
cold water, the alkaline solution filtered, acidified with dilute nitfic 
acid and silver nitrate solution added, A curdy, white or yellow 
precipitate (provided no cyanide is present) indicates a halogen. 
If a cyanide is present, boil with nitric acid until the hydrogen 
cyanide is expelled and add silver nitrate. 

Sulphur. — The presence of sulphur in organic compounds may be 
detected by heating the substance with a little metallic sodium or 
potassium. The alkaline sulphide, when dissolved in water, gives 
a violet coloration with a solution of sodium nitroprusside. Heat 
a fragment of gelatine with a small piece of sodium in a test-tube 
until the bottom of the tube is red hot, and place it in a small beaker 
of water as described in the test for nitrogen (p. 4). Filter the 
liquid and add a few drops of sodium nitroprusside solution. 

The presence of halogen and sulphur may therefore be 
ascertained in one experiment. 

Phosphorus. — The presence of phosphorus is determined by 
heating the substance strongly with magnesium powder and moisten* 
ing the cold product with water. Magnesium phosphide is formed 
and is decomposed by the water, giving phosphine, which is readily 
detected by its smell. 


Quautitaflvo EstimatioiL 

Carhon and Hytrog0ii.-*-The principle of the method is that 
described under quuliiaii^e examination, but the substance and the 
products of combustion, viz.^ carbon dioxide and water, are weighe^i* 
The following apparatus is required. 
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PRACTICAL ORGANIC CHEMISTRY 



Fig. 2. 


1. An Eflmmeyer m 0tker form of Cambmtim The 

usual length is 80—90 cm. (31—3S iu-X it is provided with 30 to 
35 burners. Flat flame burners are undesirable. 

2. A Drying Apparatus . — form of drying apparatus which 
is easily fitted together is shown in Fig. 2. It consists of four 

large U-tubes arranged side by side in 
pairs. The U-tubes are mounted upon 
a wooden stand with two uprights, to 
which the two pairs of tubes are wired. 
The first of each pair is filled with soda- 
lime, and the second with pumice soaked 
in concentrated sulphuric acid. Each 
soda-lime tube is connected with a sul* 
phuric acid tube by well-fitting rubber 
corks and a bent glass tube. The two other limbs of the sulphuric 
acid U-tubes are joined by a three- way-tap forming a T-piece. 
The free end of tlie T-piece is attached to a small tube, Fig. 3, con- 
taining a little concentrated sulphuric acid to mark the rate at 
which the bubbles are passing through the drying apparatus. This 
tube is connected with the combustion tube by a 
short piece of rubber tubing and a short glass tube, 
which passes through a rubber cork fixed in the 
end of the combustion tube. The rubber tubing 
carries a screw-clip. The open ends of the soda-lime 
U-tubes are closed with rubber corks, through 
which pass bent glass tubes. One of these glass 
tubes is connected by rubber tubing to an oxygen 
gas-holder or to a cylinder of compressed oxygen, 
which must be furnished with an automatic regulat- 
ing valve, and the other glass tube is attached to 
A gas-holder containing air. By turning the three- 
way tap, either oxygen or air may be supplied to the combustion 
tube. 






Fig. 3. 


3. A Combustion Tube of Hard Glass . • — It should be about 13 mm. 
Inside diameter, and the walk not more than 1*5 mm. thick. Its 
length should be such that it projects at least 5 cm. (2 in.) beyond 
furnace at either end. After cutting the required length, the 
^d$ of the tube are carefully heated in the flame until the sharp 
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€dges are just rounded. The tube is filled as follows. Push in a 
loose asbestos plug about 5 cm. (2 in,) from one end. This end^ 
to which the calcium chloride tube and potash apparatus are sub- 
sequently attached, may be called the front end. Pour in coarse 
copper oxide at the opposite end and shake it down to the plug 
until there is a layer alx)ut two-thirds the length of the tube. Keep 
the oxide in position by another plug of asbestos ; see that the plugs 



Fig. 4. 


are not rammed too tight. Make a roll of copper gauze about 13 cm. 
(5 in.) long to slide easily into the back end of the combustion 
tube. This is done by rolling the gauze tightly round a stout copper 
wire until the requisite thickness is obtained. The projecting ends 
of the wire are then bent over into hooks as shown in Fig. 4. This roll, 
or spiral, as it is usually called, is subsequently oxidised. It is 
pushed into the tube or withdrawn as occasion requires by a piece 
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of hooked wire. The combustion tube is placed on a layer of asbestos 
in the iron trough of the furnace. The arrangement of the tube 
with boat and spiral is shown in Fig, 5. 

4. A Straight Calcium Chloride Tube.-At is inserted through a 
rubber cork and fixed in the front end of the combustion tube 
when the latter is not in use, as copper oxide is very hygro- 
scopic, and it is necessary to protect it from the moisture in 
the air. 

5. A Potash Apparatus . — Several forms of potash apparatus are 
made; those of Geissler(Fig. 6) and Classen (Fig. 7) being perlmps 
most commonly employed. The latter has the advantage of being 
very light* The removable side-tube is filled with granulated 
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calcimn chlonde or soda«iime, with a plug of cotton wool at each 
end. Tiie bulbs <i£ the apparatus arc fillwl with a strong soluticm 
of caustic potash containing 25 grams of potash to 50 cx. of water. 
This is done as follows : remove the soda-lime tube and attach 
in its place a piece of rubber tubing ; this serves as a mouthpiece. 
Pour the potash solution into a basin and dip the other end of the 


Fig. 6. Fig. 7. 

potash apparatus under the liquid. Suck at the rubber tube until 
the quantity appears sufficient to fill the bulbs. Remove the potash 
solution and continue to suck until the solution is transferred to 
the bulbs. The bulbs should be nearly filled. In the case of Classen 
apparatus, the liquid should stand half an inch deep in the bottom 
of the apparatus outside the lowxst bulb. Wipe the potash solution 
from the outside and inside of the inlet tube of the apparatus with 
filter paper. Smear a thin film of vaseline 
on the ground end of the soda-lime tube 
before replacing it, and fit to the open ends 
of the apparatus stoppers of rubber and 
glass rod, which are not remowd except 
when the apparatus is in use. As the 
potash apparatus has to be refilled after 
every two combustions, it is advisable to 
keep a little stock of solution in a bottle fitted with an ordinary 
cork. ^ 

A Cahiim Chloride U-Tuhe.-^lht form of calcium chloride 
tube is shown in Fig. 8. It is fitted with granulated and sieved 
<3aalcium chloride (to remove the finer particles and dust) to within 
cm. it in.) of the side pieces, and llien with coarser pieces to 
i#ithin 4 cm. (i in.). Place a small plug of cotton wool in both limbs 
the chloride to keep it in position. Two well-fitting corks, 
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cut off level with the glass aad coated with sealing-wax, produce 
an effective air-tight stopper to the open limbs, but it is preferable 
to seal them in the blow-pipe flame. The sealing requires a little 
skill. ( arefuily wipe off any chloride dust which may have adhered 
to the open ends of the two limbs. Cork up one limb and stopper 
one of the side-tubes. Attach a short piece of rubber tubing to the 
other side-tube to serve as a mouthpiece. Now soften the end of 
the open limb in a small blow-pipe flame, and at the same time heat 
the end of a short piece of glass rod. With the hot end of the rod 
gather up the edges of the open limb, and whilst rotating the limb 
backwards and forwards in the flame, draw it out and seal it up. 
If successful, the appearanc e of the tube is that shown in Fig. 9. 
The blob of glass is healed in a small 
flame, and, by gently blowing and 
re-heating and blowing again, the 
blob can be removed, and, finally, by 
using a rather larger flame, heating 
and blowing alternately, the end is 
neatly rounded. 

7. A Porcelain or, preferably ^ a 
Platinum Boat , — See that it slips 
easily into the combustion tube. Hie boat is kept in a desiccator 
on a flat cork or support made of glass rod when not in use. 

Preparation of the Tube, — before starting the combustion it is 
necessary to clean and dry the combustion tube. This is effected 
by heating the whole length of the tube c ontaining the copper 
oxide and spiral gradually to a dull red heat, and passing through 
it a slow stream of dry oxj^gen from the gas-holder or cylinder. 
As soon as a glowing chip is ignited at the front end and the moisture, 
which at first collects there, has disappeared, the gas jets are turned 
down and finally extinguished. The oxygen is then stopped, 
and the straight calcium chloride tube inserted into the open end 
of the tube. 

Prehmliuury Operations, — Grind up a little pure oxalic acid, and 
carefully weigh out 0*15 to 0*2 gr^ (not more) in the boat. Weigh 
also the calcium chloride tube and potash apparatus without 
stoppers or other accessories. The side-tube of the calcium chloride 
tube, which carries the bulb, is attached directly to the combustion 



Fig. 9. 
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tube with a rubber cork. This cork should be carefully selected, 
and should exactly fit the combustion tube. The bote hole should 
be small and smooth, and it is advisable to dust it with graphite 
or coat it with a film of vaseline to prevent the rubber from clinging 
to the glass, a matter of frequent occurrence unless this precaution 
is taken. The cork should be kept exclusively for the combustion. 
Push the side-tube of the calcium chloride tube through the hole 
until it is flush with the opposite surface, and squee/^e the cork 
tightly into the combustion tube. Attach the potash apparatus 
to the other limb of the calcium chloride tube by a well-fitting piece 
of rubber tubing about 3 cm. (ij in.) long, and bring the ends of 
the glass as closely as possible together. It should be unnecessary 



Fig 10. 


to wind wire round the joint if the rubber is of the right diameter. 
A little vaseline may be used here with advantage, but only in the 
thinnest film. The ^>otash apparatus will require to be supported 
upon a block or stand. Remove the copper spiral from the 
back of the tube. Introduce the boat and push it into jxisition 
against the asbestos plug by means of the spiral which is placed 
behind it. Replace the rubber cork connected with the drying 
apparatus. The apparatus will present the appearance shown in 
Fig. 10. 

It must now be tested to see that it is air-tight. For this purpose, 
close the open end of the potash apparatus with a tight stopper 
and turn on the full^ pressure from either gas-holder. After the 
first few bubbles of air have passed through the bulbs of the potash 
ap|>aratus no further movement of bubbles should appear in my 
part of the apparatus. If it withstands this test, the combustion 
may proceed. Release the pressure by closing the tap of the 
ga^-holder, screwing up the clip at the back of the combustion 
tt|be, and cautiously removing the ^stopper from the potash 
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apparatus. Then raise the three-way tap from its socket for a 
moment. 

The Combustion. — Turn on the oxygen and adjust the rate of 
flow through the apparatus by means of the screw-clip so that 2 
or 3 bubbles a second pass through the potash bulbs. Throw back 
the tiles if closed, and light the burners under the front layer of 
copper oxide to within 10 cm. (4 in.) of the boat and also 2 or 3 
burners under the spiral behind the boat, but not within 5 cm. (2 in.) 
of the boat. Turn up the gas slowly to avoid cracking the tube, 
and in a minute or two, when the tube is thoroughly warmed, close 
the tiles over the lighted burners and heat to a dull red heat. A 
vivid red heat during the combustion is not only unnecessary, 
but undesirable, as the glass is apt to soften and be distorted and 
even to blow out and become perforated. A combustion tube 
carefully handled should last indefinitely. When the copper oxide 
is red hot, turn on the burners very gradually from the spiral 
towards the boat, but do not close the two pairs of tiles over the 
boat until the combustion is nearly terminated and the burners 
are all lighted. The first indication of the substance burning is 
the appearance of a film of moisture at the front end of the combus- 
tion tube and an increase in the speed of the bubbles passing through 
the potash apparatus. The front end of the tube, which should 
project 4 to 5 cm. (ij to 2 in.) from the furnace, must be kept 
sufficiently hot to prevent moisture permanently condensing 
there ; but it must never be allowed to become so hot that there 
ih any risk of the cork being burnt, and it should always be possible 
to place the finger and thumb round the part of the tube where 
the cork is inserted, A screen made from a square piece of asbestos 
board with a slit in it, slipped over the tube at the end of the furnace, 
may be used w^ith advantage. 

The speed of the bubbles is the best indication of the progress 
of the combustion. If the rate increases so that the bubbles passing 
through the last bulb cannot easily be counted, a burner or burners 
must be lowered or extinguished until the speed slackens. After 
a time, when the air has been displaced and carbon dioxide largely 
fills the tube, the gas is the first potash bulb. 

When this occurs, the increased until 

the bubbles appear synjmfJwarSiy^^ the current 
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is again checked. If some copper oxide has been reduced in the 
first stages of the process, the bubbles in the potash apparatus may 
entirely cease for a time, but will reappear when the copper has been 
reoxidised. Here again an increased current of oxygen will hasten 
the process. The combustion is complete when a glowing chip 
held at the end of the potash apparatus is rekindled. All the 
moisture must by now have been driven over into the calcium 
chloride tube. If this is not the case, warm the end of the tube 
cautiously with a small flame, or by means of a hot tile held near 
the tube. The time required to complete the combustion is about 
one-half to three-quarters of an hour from the time the front of 
the tube is red hot, but more volatile substances, which must be 
heated more cautiously, will naturally take longer. 

The combustion being complete, gradually turn down, and in 
a few minutes extinguish, the burners. Whilst the furnace cools 
tlie oxygen is replaced by a slow current of air. To do this the 
oxygen supply is stopped and the three-way tap is turned through 
so as to connect the tube with the air reservoir, the tap of 
which is then opened and the stream ol air regulated by the screw 
clip. 

Let the air pass through for 20 minutes whilst the furnace is 
cooling down. Then remove and stopper the potash apparatus 
and the calcium chloride tube, and after allowing them to stand 
by the balance case for half-an-hour, weigh. 

The results are calculated in [percentages of c arbon and hydrogen 
as follows ; 

w is the weight of substance taken. 
a is the increase in weight of the potash apparatus, 
b is the increase in weight of the calcium chloride tube. 

f ^ = per cent, of carbon. 

44'x w ^ 

2x6 X lew ^ cent, of hydrogen. 

iS X w ^ JO 

0^1510 gram of oxalic acid gave 01055 gram of COj 
md 0*068 gram of H^O. 
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12 X 0*1055 100 

44“ X 0*15 10 
2 X 0 ^068 X 100 
18 X 0*1510 

Calculated lor : C = 


19*05 per cent, of carbon. 

= 5*00 per cent, of tiydro^ren. 

= 19*04 per cent. ; H == 4*76 per cent. 


As a rule, the carbon is a little too low through loss of moisture 
from the potash apparatus, whilst the hydrogen is too high, probably 
through incomplete drying of the air and oxygen from the gas- 
holders. The discrepancy should not exceed o‘2 per cent, of the 
theoretical amount. If the substance burns with difficulty it should 
be mixed with fine copper oxide in the manner described under 
quantitative estimation of nitrogen (p. 18). 

The Combustion of Volatile and Hygroscopic Substances. — ^If the 
substance is a non-volatile liquid it may be weighed in a boat 
hke a solid ; if it is hygroscopic the boat must be enclosed and weighed 
in a stoppered tube. If it is a volatile liquid a glass bulb or tube, 
drawm out into a nec k as shown in Fig. 11, must be used. The 
bulb is first weighed, and the liquid is 
introduced by warming the bulb gently 
to expand the air and then inverting 
the open neck under the liquid. The 
operation may require repeating. The 
tube is then sealed and weighed again. Before introducing the 
bulb into the tube the neck is nu ked with a file and broken oft. It 
is then placed in the boat and pushed into the combustion tube. 
In the combustion of a substance hke naphthalene, which is moder- 
ately volatile, the greater part is vaporised by the heat of the 
copper oxide spiral in contact with the boat. The burners are there- 
fore not lighted under the boat until towards the close of the com- 
bustion. In the case of a highly volatile compound like ether, 
a combustion tube is used which projects at least 15 cm. (6 in.) 
beyond the back of the furnace. The bulb containing the substance 
is then placed just outside the furnace, and then the spiral in contact 
with it. A small Bunsen flame is placed under the end of the spiral 
away from the substance, the heat from which is sufficient to 
completely volatilise the substance at a convenient speed. 

Th» Combustion of Organic Substances containing Nitrogen.— The 
following modification must be introduced in cases where the 
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organic substances contain nitrogen. As the nitrogen may be 
liberated in the form of one or other of its oxides, which are liable 
to be absorbed in the potash apparatus, a source of error is introduced, 
which may be eliminated in the following way. A spiral of metallic 
copper is brought into the front end of the combustion tube, which, 
when red hot, reduces the oxides of nitrogen. The free nitrogen 
then passes through unabsorbed. About 13 to 15 cm. (5 to 6 in.) 
of coarse copper oxide is removed from the front end of the tube, 
and after inserting an asbestos plug, the space left by the oxide is 
filled with a roll of copper gauze 13 to 15 cm. (5 to 6 in.) long. 
The copper spiral must have a clean metallic surface, which is 
easily produced in the following way. Take a large test-tube or 
boiling tube, an inch or so longer than the spiral, and push down to 
the bottom a small pad of asbestos. Pour in about 5 ex. of pure 
methyl alcohol. 

Have a cork at hand which fits loosely into the mouth of the 
test-tube. Wrap the tube round with a duster. Hold the copper 
spiral with the crucible tongs in a large blow-pipe flame until it 
is red hot throughout and slide it quickly into the test-tube. The 
methyl alcohol reduces the film of oxide on the copper and is at 
the same time oxidised to formaldehyde, the vapours of which 
attack the eyes if the tube is brought too near the face. The 
alcohol takes fire at the mouth of the test-tube. When the flame 
dies dow'n insert the loose cork and let the tube cool. The spiral, 
which has now a bright surface, is withdrawn, and the excess of 
alcohol removed by shaking it. It mu.st now be thoroughly dried. 
Place the spiral in a hard glass tube a few inches longer than the 
spiral and fitted at each end with a cork, into which short, narrow 
glass tubes are inserted. Attach one end of the tube to an apparatus 
for evolving carbon dioxide, which is thoroughly dried by pa.ssing 
it through concentrated sulphuric acid. When the air is expelled 
from the tube, heat it gently until the alcohol is removed. Then 
let the tube cool while the gas is passing through. The spiral 
is then removed and placed in the front of the combustion tube. 
The combustion is carried out in the manner already described, 
but a current of air is substituted for oxygen until all the hydrogen 
ha$ been expelled, /.e., until water ceases to condense in the front 
of) the tube. The burners under the metallic copper are then 
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gr^dtially extinguished^ and the spiral is allowed to cool whilst the 
current of air is replaced by oxygen. By the time the oxygen reaches 
the spiral^ the latter should have so far cooled that it remains 
unoxidised. The current of oxygen is continued until a glowing 
chip is kindled at the end of the potash apparatus and the operation 
is completed by turning on the air as previously described. 

A convenient substance to use for analysis is acetanilide, see 
Preparation 66, p. 169. 

Combustion of Organic Compounds containing Halogens and 
Sulphur. — When the halogens or sulphur are present in an organic 
compound, they are liable to be absorbed either in the free state 
or in combination with oxygen in the potash apparatus. In this 
case, fused lead chromate broken up into small pieces must replace 
the coarse copper oxide in the combustion tube. The halogens 
and sulphur are retained by the lead, the former as the halide 
salt, and the latter as lead sulphate. Special care must be taken 
in using lead ('hromate that the temperature of the furnace is 
not too high, as otherwise the chromate fuses to the glass, and the 
combustion tube then cracks on cooling. 

Nitrogen (Dumas). — According to this method, a weighed 
quantity of the substance is heated with copper oxide in a tube 
filled with carbon dioxide. The carbon and hydrogen form respec- 
tively carbon dioxide and water, and the nitrogen which is liberated 
in the form of gas is collected over caustic potash (which absorbs 
the carbon dioxide) and measured. 

The following apparatus is required : — 

1. A combustion furnace of the ordinary form, 

2. A short Jurnace of simple construction, such as used in Turner’s 
method for estimating carbon in steel 
(Fig. 12). It should carry an iron 
trough about 30 cm. (12 in.) long, 
fixed at such a height that it can be 
heated by an ordinary Bunsen burner. 

3. A combustion tube^ which may 
be rather longer than that used in the 
estimation of carbon and hydrogen. 

4. A short hard glass tube, 25—28 cm. (10— ii in.) long, and closed 
at one end. 
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5. A bent tube with <t bulb, blown in the centre, as sbQwn at ti, 
Fig. 13, This is attached by rubber corks to the ends of the long 
and short combustion tubes, 

6* A graduated ScAiff*s Azotomeier, Fig. 13.— A small quantity 
mercury is first poured into the bottom of the tube so as to fill 



it 4 — 5 mm. above the lower side limb. A solution of potash 
(iKOH : 3H3JO) is then poured into the glass reservoir, which is 
attached to the upper straight side limb by a rubber tube. By 
raising the reservoir and opening the tap the tul>e is filled, and 
remains so on closing the tap and lowering the reservoir. When 
the tube is filled with potash solution there should 
be sufficient mercury at the bottom to seal off the 
potash solution from the bent limb, which connects 
with the combustion tul>e. 

7. Two flasks y 200 c.c. and 300 r.c. — necks 
are slightly constricted in the blow-pip>e flame, so 
that the end of the combustion tube slips in as far 
as the constriction (Fig. 14). The flasks are fitted 
with good corks. 

8. A spiral of copper gauze, 15 cm. (6 in.) long, 
whicif is reduced in methyl alcohol as described 
on p. 14. The spiral should be reduced just 

before use when the tube is filled and ready. It is unnecessary 
tb remove all the alcohol from the spiral by heating it in a current 
of carbon dioxide. It is sufficient to whisk it sharply through the 
ah* and shake off the excess of liquid. 
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9» A mffidmt pmnHty oj coarse copper oxide to fill the combustion 
tube two-thirds full and a further quantity of fine copper oxide to 
occupy ICH--13 cm. {4 — 5 in.) of the tube. 

10, Two shallow tin dishes^ 10 — 13 cm^ (4 — 5 in.) in diameter 
for roasting copper oxide. These dishes can be obtained 
from the ironmonger in different sizes and are useful in the 
laboratory for a variety of purposes, such as for oil, metal or 
sand-baths. 

ti, A square of copper gauze of moderate mesh of the area 
of the tin dish. It is turned up at the edges and is used for 
sifting the coarse from the fine copper oxide after each com- 
bustion. 

12. Pure sodium bicarbonate ^ NaHCOg, in powder free from 
ammonia. In place of a separate tube of bicarbonate, a carbon 
dioxide Kipp containing marble and hydrochloric acid or other 
apparatus for evolving carbon dioxide may be used.^ If a 
Kipp is used the gas should be washed through a wash-bottle 
containing water and permanently attached to the apparatus. 
When the air in the Kipp and wash-bottle has once been 
displaced, the apparatus should be used exclusively for nitrogen 
estimations and the outlet tube carefully closed after each 
operation. 

Filling the Combustion Tube. — A plug of asbestos is first pushed 
in from one end far enough to leave room for the copper spiral, 
which should lie well within the furnace. This end of the tube is 
subsequently attached to the azotometer and may be called the 
front end. The coarse copper oxide is heated over a Bunsen burner 
in one of the shallow tin dishes and the fine oxide in another. After 
about a quarter to half an hour the burners arc extinguished and 
the oxides whilst still warm are introduced into their respective 

^ The following apparatus of Young and Caldwell (Fig. 15) will also 
be found convenient. It consists of a Woulff bottle containing a mix- 
ture of equal volumes of sulphuric and and water into which a concen- 
trated solution of potassium carbonate is admitted from the tap-funnel 
(the limb of which dips into mercury which acts as a trap) and thence 
through the small hole below the cork into the acid. The bottle is 
fumisned with a safety-valve at the side, consisting of a bulb tube 
containing a little mercur>% and the mouth plugged with cotton wool. 
The fiow of gas is regulated by the tap-funnel and outlet tap, an excess 
of gas escaping through the ^ety valve. 

cohkn’s P. O. C, C 
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Sa«ks with drawn-out necks ; the flasks are closed with corks and 
allowed to cool. The back end ol the combustion tube is now 
pushed horijsontally into the neck of the coarse erode flask and the 
oxide poured on to the plug by tilting the flask and tube. The tube 
is filled with oxide abrot two-thirds of its length. Into the flask 
containing the fine oxide about 0.2 gram of powdered substance 
(acetanilide may be conveniently used^ see Prep. fi6, p. 1^9) is 
weighed out by difference from a sample tube, which should contain 
the approximate quantity. The substance is then well mixed with 
the oxide by shsicing the flask. The contents of the flask are 
carefully poured into the tube above the coarse oxide in the manner 
described and the flask is rinsed out with coarse oxide, which is 
likewise poured into the tube until it is 
filled to the full length of the furnace. 
A loose plug of asbestos is pushed in to 
keep the materials in position and the 
tube is tapped horizontally on the bench 
in order to form a channel above the 
layer of fine copper oxide. The tube is 
now laid in the furnace, which is tilted 
a little forwards in order to collect the 
moisture at the front end of the tube. 
The short closed tube is well packed 
with powdered sodium bicarbonate and 
tapped horizontally so as to form a 
good channel above the whole length 
of the substance. It is laid in the small furnace, which is also 
tilted forwards to drain off the water which is formed. The 
bicarbonate and the combustion tubes are connected by the 
bulb tube already described. The copper spiral is now reduced 
and pushed ^to the front of the tube up to the plug and 
finally thff ' azotometer is attached by its bent tube. The 
arrange|jjijSf^ of the tubes and their contents are shown in Figs* 

I^ janabnitlon.— The tap of the azotometer is opened and the 

e r lowered so as to empty as far as possible the graduated 
The joints of the apparatus being well secured, begin by 
dy beating the bicarbonate near the closed end of the tube 
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with a good burner, and concentrate the heat by tiles placed on 
each side. A rapid stream of carbon dioxide is at once evolved. 
When it begins to slacken, push the burner on J cm. or so in order 
to mamtain a continuous and rapid stream. The quicker the stream 
of gas the sooner is the air expelled, for the gas then pushes the 
column of air before it like a piston, before the latter has time to 
diffuse. In about ten minutes, the row of burners beneath the spiral 
and the coarse oxide to within 10 cm. {4 in.) of the fine oxide may 
be lighted. In another fifteen minutes, the gas which is passing 
through the tube may be tested. The current is allowed to slow 
down a little, and the graduated tube of the azotometer is then 
filled with potash solution by raising the reservoir and closing the 
tap. On gradually lowering the reservoir, a few bubbles will pass 
up the graduated tube. 


•r«Mt C.Mrt CuO 

AtieiTOt AtBMTOf 

pun* p^tUB 

Fig. 16. 

By the time they reach the top of the tube, the size of the bubbles 
should have become so minute that when collected at the top they 
occupy no appreciable volume, but appear as a fine froth. If 
this is not the case, open the tap, run out the solution and continue 
as before to drive carbon dioxide through the tube. Repeat the 
test in another five minutes. Not more than half the bicarbonate 
should have been utilised in expellipg the air. The air being 
removed, the combustion of the substance is commenced. The 
azotometer is filled with the potash solution, the tap closed, and the 
reservoir lowered as far as possible. The current of carbon dioxide 
is allowed to slacken, but it must not be completely stopped. The 
front portion of the combustion tube will by this time have reached 
a dull red heat, A few more burners are now lighted on both sides 
of the fine oxide. Finally, the layer of fine oxide is gradually 
heated and the process conducted in much the same manner as 
that described under the estimation of carbon and hydrogen. 
The combustion is regulated by the speed of the bubbles passing 
up the azotometer tube, which should enable them to be readily 

cz 
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counted. The burners being all lighted and the tube red hot 
throughout, the tiles above the substance are closed. The current 
of gas will shortly slacken. The residual nitrogen is then expelled 
from the tube by moving on the flame beneath the bicarbonate and 
causing a fresh stream of carbon dioxide to sweep through the 
tube. Care must be taken that the stream of gas is not too rapid 
as otherwise the potash solution may become saturated and driven 
completely into the reservoir. The burners may now be extin- 
guished and a reading of the level in the azotometer taken every 
few minutes until it remains constant and the bubbles are com- 
pletely absorbed. Remove the azotometer by slipping out the cork 
from the front of the combustion tube, and hang a thermometer 
beside it. Do not, however, stop the flow of carbon dioxide 
until the tube is nearly cold. In this way, the copper spiral remains 
quite bright and may be used for a second determination without 
being reduced. 

When the azotometer has stood for an hour in a cool place, 
adjust the level by raising the reservoir so that the liquid in the 
tube and reservoir stands at the same height. Read off the volume 
and at the same time note the temperature and the barometric 
pressure. 

The percentage of nitrogen may be calculated as follows : — 

V is the observed volume of nitrogen. 

B is the height of the barometer in mm. 

t is the temperature. 

/ is the vapour tension of the potash solution, which may be taken 
to be equal to that of water without serious error. 

The volume corrected to o*’ and 760 mm. will be given by the 
following expression : — 

v X 2/3 X (R — /) 

(273 -f t ) 760 

As the weight of i c.c. of nitrogen at and 760 mm. is 0*00126 
gram, the percentage weight of nitrogen will be given by the 
expression 

V X 273 X (R— / ) ^ O QQ126 X loo 
(273 -f /) 760^' w 

10 is the weight of substmice taken. 
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Example, — 0*206 gram of acetanilide gave i8*8 c,c, of moist 
N at 17® and 756 mm. [/ at 17®^== 14*5 mm.] 


i8»8 X 27^ X ( 75^ — T 4 « 5 ) X 0»I26 
(273 + 17) X 7^ X o*206 


10*56 per cent. 


Calculated for C^H^ON ; N = 10*37 P^r cent. 


Instead of collecting the gas over dilute potash solntion, it is often 
customary to use a very strong soJution consisting of equal weights of 
potash and water. The vapour tension is practically niL Or, again, 
the nitrogen may be transferred to a graduated tube standing over 
water, which gives a result free from any error arising from incorrect 



Fig. 17. 


vapour tension. The manner of transferring the gas is shown in 
Fig. 17, The stem of a wide funnel is cut off and attached by rubber 
to the top of the azotometcr. This is then filled with water and the 
projecting end of the azotometer is also filled with water. A graduated 
tube is now brought over the end, and by opening the tap and raising 
the reservoir the gas passes into the tube. The end is now closed with 
the thumb and transferred to a cylinder of water. 

The tube is held by a collar ot paper, whilst the level is adjusted 
and the volume and temperature are noted. 

Before commencmg a second' determination, the contents of 
the combustion tube are emptied on to the wire-gauze sieve. 
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frftod 0ver one of the tin dishes^, and the fine and coarse oxide 
separated. Both oxides are roasted in order to reoxidise any 
reduced copper, and transferred as before to their respective flasks. 
The sodium bicarbonate tube is emptied into a special bottle and 
then replenished with fresh material. Fresh caustic potash solu- 
tion is also introduced into the azotometer, unless the stronger 
solution is used. 

Esimaiion of Nitrogen, Second Method . — Another method 
which dispenses with the small furnace and bicarbonate tube may 
also be used. The long combustion tube is closed at one end 
and magnesite in small lumps is introduced into the tube and 
shaken down to the closed end until there is a layer of about 
^3' — ^5 cm* (5 — d in.). This is kept in place by a plug of asbestos 
and the tube is filled successively with 5 cm, (2 in.) of coarse copper 


tmiiAi. CoARse e «0 
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Fig. I 8. 


oxide, then fine copper oxide mixed with the substance, a further 
layer of coarse copper oxide, and finally the copper spiral, 7’he 
contents of the tube are arranged as shown in Fig. 18. 

The magnesite (MgCOg), which evolves carbon dioxide on heat- 
ing, takes the place of the sodium bicarbonate in the previous 
method. The air is displaced at the beginning by heating the 
magnesite near the closed end of the tube. The magnesite is 
again heated towards the end of the combustion to sweep out 
the last traces of nitrogen. The disadvantages of the method are 
that the magnesite requires to be heated much more strongly than 
the ;sodium bicarbonate before it evolves carbon dioxide, and the 
length of the layer of copper oxide is curtailed, 

KfeldiAFs Method. — ^The organic compound is heated strongly 
with sulphuric acid, which oxidises the organic matter and con- 
verts the nitrogen into ammonium sulphate. The ammonia Is 
then estimated volumetrically by distilling with caustic soda and 
/ QOlleCting the gas in standard acid. About 0*5 gram of substance 
? is accurately weighed and introduced into a round Jena flask 
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(500 cx.)> together with 15 c.c. of pure concentrated sulphuric acid 
and about 10 grams of anhydrous potassium sulphate. The object 
of the latter is to promote oxidation by raising the boiling-point 
of the liquid. The flask is clamped over wire-gauze and the 
contents boiled briskly until the liquid, which first darkens in 
colour, becomes clear and colourless or faintly yellow. When the 
decomposition is complete (J — i hour), the flask is left to cool and 
the contents are then diluted with 2 — 3 volumes of water. The flask 
is now attached to the distilling apparatus shown m Fig. 19. It 
is furnished with a rubber 
cork, through which a 
bulb adapter is inserted 
(to retain any alkali which 
may spurt upwards), the 
latter being connected 
with an upright condenser. 

The end of the condenser 
just dips below the surface 
of 25 c.c. of a half-normal 
solution of hydrochloric 
or sulphuric acid, contain- 
ed in a flask or beaker. 

Thirty grams of caustic 
soda in 60 c.c. of water 
are carefully poured down 
the side of the flask so as to mix the contents as little as possible, 
and after introducing a few pieces of porous earthenware or 
granulated zinc to prevent bumping, the cork is quickly inserted. 
The flask is now shaken to mix the contents and the liquid 
boiled briskly until no more ammonia is evolved (i — | hour). 
This should be ascertained by testing a drop of the distillate wiUi 
red litmus paper. If the operation is complete, the liquid is 
titrated with half-normal sodium carbonate solution, using methyl 
orauge as indicator. 

Example, — 0*5151 gram acetanilide required 17*3 c.c. N/2 
sodium carbonate : — 



Fig. 10. 


7*7 X 0*007 X 100 

0*515^ 


sis |o» 46 per cent. 


25 17-3 sa 7*7. 
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Hie WMngtm (Carliis).— The method of Carius, which is usually 
employed, consists in oxidising the substance with fuming nitric 
acid under pressure in presence of silver nitrate. The silver halide 
which is formed is then separated by filtration and weighed. 

Hie following apparatus is required : — 

1. A piece oj thick-waUed soft tubing about 45~“-48 cm, {iB — 19 
in.) long, and 12 — 13 mm. insick diameter, the walls being at least 
2‘5 — 3 mm. thick. Tubes of hard potash glass are also used, in which 
case the thickness of the walls may be rather less. ^ The tube is 
carefully sealed at one end so that there is no thickening of the glass 
at any point into a blob. If a blob is formed, it may be removed 
by heating it and blowing gently into the tube and repeating the 
operation if necessary. Tubes of soft or hard glass may be bought ready 
sealed at one end. The tube is washed out and dried before use. 



Fig. 20. 


2. A narrow weighing-tube, 8 — 10 cm. (3 — A in.) long and sealed 
at (me end. which will slip easily into the thick-wailed tube. 

3. Pure fuming nitric acid of sp, gr. 1*5. — This is prepared by 
distilling equal volumes of concentrated nitric acid (150 c.c.), 
and concentrated sulphuric acid (150 c.c.) from a litre retort, the 
neck of which has been bent in the blow-pipe flame as in Fig. 20. 
The object of this bend is to prevent acid from spurting into the 
neck and being earned over mechanically into the receiver during 
distillation. The retgrt is placed on a sand-bath, and attached 
to a condenser. The acids are poured in through a funnel, and a 
few small bits of broken unglazed pot are dropped in to prevent 
bumping. The acid is distilled with a moderate flame until about 
70 C.C. have collected in the receiver, when the operation is stopped. 
The , distillate is then tested for halogens by diluting a sample 

with distilled water, and adding silver nitrate solution. 
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The liquid should^iemain perfectly clear. It should also be tested 
for the presence of sulphuric acid, in case it is required for sulphur 
estimations, by adding a few drops of barium chloride to a fresh 
portion of acid diluted as above. If pure, it is kept in a stoppered 



bottle. If it contains chlorine, it must be redistilled over a few 
crystals of silver nitrate. Fuming nitric acid has a sp. gr. about 
i’5 at 15°, boils at about qo®, and contains about 90 per cent, of 
HNO3. Acid of this strength can be purchased. 

4. A Tube Furnace , — Various forms of furnace are used. Those 
which are heated on the principle of the Lothar Meyer 
hot-air furnace by a number of pin-hole gas jets are 
easily regulated, and can be raised to a high tempera- 
ture. The Gattermann furnace, shown in the diagram 
(Fig. 21), is a very convenient form. 

filling and Sealing the Tube. — By means of a thistle 
funnel with a long stem, about 5 c.c. of fuming nitric 
acid are first introduced, and the funnel is carefully with- 
drawn so as not to wet the side of the tube. About 
0*5 gram silver nitrate in crystals is dropped in, and . 
finally the narrow weighing-tube containing o’2-— 0*3 
gram of substance is slipped to the bottom of the tube Pic. 22. 
(see Fig, 22), Bromacetanilide (see Prep. 67, p, 171) 
may be used for this estimation. The open end of the tube is now 
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sealed in the blow-pipe. This operation requiiaes some care and 
a little skill About two inches of the tube at the open end is 
very gradually heated by revolving it for several minutes in the 
smoky flame of the blowpipe. The tube is now grasped about 
the middle with the left hand, and inclined at an angle of about 
45®. The blast is turned on slowly, and the end of the tube 
heated and revolved until the glass begins to soften. The end of 
a glass rod, about 13 cm. (5 in.) long, held in the right hand, 
is heated at the same time. The glass rod is then used to 
press the edges of the glass tube together, as shown in Fig, 24. 
The subsequent operation depends upon whether soft or hard 



glass is to be manipulated. If soft glass is used, the blow- 
pipe flame is made as hot as possible, but reduced m length to 
about S to 10 cm. (3 to 4 in.). It is directed at a point about 2 
to 3 cm. (r m.) below the open end to which the glass rod is attached, 
the glass rod now serving as a support whilst the tube is slowly 
rotated. The glass, if evenly heated and not drawn out, begins 
to thicken where the flame plays upon it, and the inside diameter 
of the tube contracts. When the apparent inside diameter of the 
tt^ is reduced to about 3 mm. ( J in.), the tube is quickly removed 
i^Mn the flame, and a capillary end formed by very slowly drawing 
the thickened part of the tube (Fig. 25). When the capillary 
so far cooled as to become rigid^ it is sealed off. The tul^ will 
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now have the appearance shown in Fig. 26. The tube is kept 
in a vertical position until cold. If the tube is of hard glass, a 
somewhat different method of sealing is employed. As soon as 
the glass is sufficiently soft, it is not thickened, but drawn out 
at once into a wide capillary, about cm. long. By directing 
the flame below this constriction, and continuing to draw out, the 
capillary is further lengthened. When it has a length of 2 to 3 cm. 
(i in.) it is thickened by revolving it in the flame and then sealed 
off. Hard glass is much more easily manipulated in the oxy-coal 
gas flame. When cold, the tube is transferred to the metal cylinder 
of the tube furnace. The furnace, conveniently isolated in case of 
explosions, should stand on the floor, with the open end raised and 



facing a wall. The capillary point should project a little beyond 
the open end of the metal cylinder m which the sealed tube is 
enclosed. The temperature, indicated by a thermometer fixed in 
the top of the furnace, is carefully regulated. It is advisable to 
commence the operation in the morning. The temperature is 
gradually raised from 150° to 200° during four hours, and then 
to 250® for a further four hours. The gas is then extinguished, and 
the tube allowed to cool until the following morning. 

Opening the Sealed Tube. — The tube is drawn a little way out of 
the iron casing, so that the capillary end projects 3 or 4 cm. The 
tip is then warmed cautiously in the Bunsen flame to expel the 
liquid which as a rule condenses there. The point is then heated 
until the glass softens, when the pressure inside perforates the glass 
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and nitrous fumes are evolved. On m account must the tube he 
removed from the furnace before this operation is concluded. The 
tube is now taken away and opened. A deep file scratch is made 
in the wide part of the tube, about 3 cm. below the capillary. The 
end of a glass rod, heated to redness, is then held against the file 
mark. A crack is produced, which may be prolonged round the 
tube by touching the tube in front of the crack with the hot end 
of the glass rod. The top of the tube is now easily removed; 

but in order to prevent fragments of glass 
from the broken edge from dropping into 
the acid, the tube should be held horizon- 
tally and the* end carefully broken off. Any 
bits of glass which become detached adhere 
to the side of the tube, near the open end, 
and can be easily wiped off. The contents 
of the tube containing the silver halide are 
now carefully diluted by adding water a few 
c.c. at a time, and then washed into a 
beaker. The mixture is heated to boiling 
until clear, the silver compound transferred 
to a filter, and washed with hot water until 
free from silver nitrate. The filter paper is 
then dried in a steam oven and the silver salt 
weighed. A simpler and more accurate 
method for filtering and weighing the silver 
halide is to use a perforated or Gooch cru- 
cible. A disc of filter paper is cut with a 
Fio. 27. cork cutter of suitable dimensions to fit the 

bottom of the crucible, which is dried with 
the crucible in a Victor Meyer air-bath (Fig. 27) heated to 140 — 
150® until constant. The air-bath consists of a jacketed copper 
vessel fixed upon a tripod. A liquid of constant boiling-point is 
poured into the outer jacket and the vapours are condensed by 
an upright condenser or tube which is attached to the outlet tube. 
Thf crucible is placed within and covered with a metal lid. There 
is a small aperture to admit air from below into the inner vessel 
and a corresponding outlet in the lid. Aniline, b.p. 182®, may be 
used in jacket in the present case. The Gooch crucible 
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is weighed and fitted to a filter flask and the silver halide filtered 
and washed at the pump. The crucible is then heated in the air- 
bath until the weight is constant (i hour) and weighed. The 
result is calculated in percentage of halogen. 

Example . — Bromacetanilide gave the following result ; — 


0*151 gram gave 0-134 gram AgBr. 
0*134 X 80 X 100 


188 X 0-151 


Calculated tor C^H^BrNO 


37-51 per cent. 

Br ™ 37*38 per cent. 


Another Method (Piria and Schiif). — There are some substances 
which are incompletely decomposed with fuming nitric acid under 
the conditions described above, and the results are consequently 
too low. In such cases the following method may be employed. 
The substance is weighed into a very small platinum crucible, 
which is then filled up with a mixture of anhydrous sodium car- 
bonate (t part) and pure powdered quick-lime (4 to 5 parts), both 
free from chlorine. The crucible is then inverted in a larger 
crucible, the space between the two being filled with the same 
mixture of sodium carbonate and lime. The large crucible is now 
heated, first wdth a small blow-pipe flame, and then more strongly 
until the mass is red hot. The contents are then allowed to cool, 
and dissolved in a large excess of dilute nitric acid. The substance 
must he added slowly and the acid kept cool. The halogen is then 
precipitated with silver nitrate and estimated in the usual way. 

Sulphur (Carius), — The process is essentially the same as that 
described under the estimation of halogens (p. 24). The compound 
is oxidised in a sealed tube with fuming nitric acid, but wdthout 
the addition of silver nitrate. The resulting sulphuric acid is then 
precipitated and weighed as barium sulphate. The same quantities 
of acid and substance (diphenylthiourea may be used; see Prep. 
75, p. iKo) are taken, and the proc'ess of sealing up and heating, 
etc., is carried out in precisely the same way as for the halogens. 
'The contents of the tube, after heating, are cautiously diluted with 
water and then washed out into a l>eaker, and filtered, if necessary, 
from fragments of glass. The filter paper is then well w^ashed with 
hot water and the filtrate diluted to at least 250 c.c. with water. 
A few c.c. of dilute hydrochloric acid are added and the liquid is 
heated to boiling. A few c.c. of barium chloride solution are added 
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tmtil no further precipitate appears to be formed* On continued 
heating over a small flame the liquid clears and the precipitate 
subsides. The addition of another drop of barium chloride will 
determine if the precipitation is complete. The liquid is then 
filtered through an ordinary funnel^ the precipitate of barium sub 
phate washed with hot water^ dried, and weighed in the usual way. 

Diphenyithiourea gave the following result : — 


0*2518 gram gave 0*2638 gram BaSO^. 

0*2638 X 32 X 100 
^ j _ I4’3Q per cent. 


233 X 0*2518 
Calculated for C* 


14*05. 


A modification of the above method is to add to the tube before 
sealing a few crystals of barium nitrate along with the nitric acid. 
The resulting barium sulphate is then washed on to the filter and 
weighed. 


Determination of Molecular Weight 

According to Avogadro’s law, equal volumes of all gases under 
similar conditions contain the same number of molecules. Con- 
sequently the weights of equal volumes or the densities of gases 
will represent the ratio of their molecular weights. If the densities 
are compared with hydrogen as the unit, the ratio 



in which IT, and are the weights of equal volumes of substance 
and hydrogen respectively, will give the molecular weight of the 
substance compared with the molecule or two gtoms of hydrogen 
or half the molecular weight compared with one atom of hydrogen* 
Consequently the observed density mu*?! be multiplied by two in 
order to obtain the molecular weight compared with one atom of 
hydrogen. , 

Vapour Dei^iy Method (Victor Meyer).— This method, which is 
generally employed for substances which volatilise without decom- 
posStion, is known as the air displacement method of Victor Meyer. 
It Consists in rapidly vaporising a known weight of a substance 
at 4 fon$tant temperature at least 40 — 50® above its boiling-point 

d $pecml, foim of apparatus, which admits of the displa^d air 
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iMug collected and measured. The volume occupied by a given 
weight of the substance under known conditions is thus ascertained 
and from these data the density 
is calculated. The following 
apparatus is required : — 

1. A Victor Meyer Apparatus 
as shown in Fig. 28. It consists 
of an elongated glass bulb with 
a narrow stem and a capillary 
side-tube. It is provided with 
a well-fitting rubber cork, which 
can be pressed easily and tightly 
into the open end of the stem. 

The apparatus is clamped with- 
in an outer jacket of tin plate 
or copper, which holds the 
boiling liquid required to pro- 
duce a constant temperature. 

It is represented as transparent 
in the figure. 

2. Hofmann Bottles . — The sub- 
stance, if liquid, is introduced 
into a small stoppered glass 
bottle known as a Hofmann 
bottle (see Fig. 29). The dry 
bottle with the stopper is care- 
fully weighed and then filled 
with liquid through a tube 
drawn out into a wide capillary. 

The stopper is inserted and the bottle reweighed. It should 

hold about 0*1 gram of substance. 
g. 3. A narrow graduated tube holding 50 c.c. and divided 

1 S into tenths of a c.c. 

H 4. /I large crystallising dish which serves as a gas 
I trough. 

H A long and wide cylinder in which the graduated 

^ tube can be submerged in water. 

Fig. 29, 6. A Bunsen burner with chimney* 
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Hie apparatus is set up as shown in Fig. 28. The Victor Meyer 
apparatus is thoroughly dried by blowing air through by means 
of a long glass tube, which reaches to the bottom of the bulb. A 
small quantity of clean dry sand previously heated in a crucible 
or a pad of asbestos is placed at the bottom of the bulb to break 
the fall of the Hofmann bottle when it is dropped in. The bulb 
of the outer jacket is filled two-thirds full of water and the dis- 
placement apparatus is clamped within it so that it nearly touches 
the liquid. The apparatus and jacket must be adjusted at such a 
height that the capillar)^ side limb dips under the water contained 
in the crystallising dish placed on the bench. The graduated tube 
is filled with water and inverted under the water in the crystallising 
dish and clamped there until required. The burner protected from 
draughts by the chimney is lighted under tlie outer jacket and the 
displacement apparatus left open at the top. To avoid incon- 
venience arising from the steam, a split cork, into which a bent 
glass tube is inserted, is pushed loosely into the open end of the 
jacket. 

Whilst the water is boiling steadily and not too violently, the 
substance is weighed. Chloroform, b.p. 61°, or pure and dry ether, 
b.p. 34*5^ (see Prep. 4, p. 65), may be used for the experiment, as 
their boiling-points lie well below that of water. Before introduc- 
ing the bottle and liquid, the apparatus must be tested to ascertain 
if the temperature is constant. As a rule J hour’s boiling suffices. 
Push in the rubber cork and note if witliin the next minute or two 
any bubbles esc'^pe. If not, slip the graduated tube over the end 
of the side-tube, and carefully remove the rubber cork so that no 
water enters the stem through the capillary. Remove the stopper 
of the Hofmann bottle before dropping it in, and at once push in 
the cork. Very shortly a stream of air bubbles will ascend the 
graduated tube. When, in the course of a minute or two, the 
bubbles cease, remove the cork from the apparatus and extinguish 
the burner. The graduated tube is transferred to the large cylinder 
of jwater by dosing the open end with the thumb. Leave the tube 
in the water with a thermometer beside it for J hour. Lift the 
graduated tube, and whilst holding it by a collar of paper adjust 
the levels inside and out. Read off the volume and note the 
temperature and barometric pressure. 
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Th« density is calculated as follows : — 

If V is the volume^ t the temperature, the barometric pressure^ 
and f the vapour tension of water at then the corrected volume 
is given by the formula 

7- X W - f ) X 27 3 
760 X (273 -f i ) 


This multiplied by 0*00009, weight of i c.c. of hydrogen, 
gives the v eight of hydrogen occupying the same volume as the 


vaporised substance, from which the density A = 


is obtained. 


Example , — The following result ^\as obtained with ether : 
0*1146 gram of ether gave 36*3 c.c at ii"" and 752 mm./ — 10 mm. 
at 11^ 


36*3 X (732 — 10) X 273 X o-oooog 
700 X 2^4 
01146 


0-00306 


- 37 * 4 - 


— 0*00306. 


37 - 


If substances of higher boiling-point have to be vaporised, the 
water in the outer jacket is replaced 
by other liquids of correspondingly 
higher boiling-point, such as xylene, 
b.p. 140"^. aniline, b.p. 182®, ethyl 
benzoate, b.p. 211^, amyl benzoate, 
b.p. 260°, diphenylamine, b.p. 310*^, 
etc. A Lothar ]\Ieyer air-bath (Fig. 

30) is, however, much more conveni- 
ent for obtaining constant tempera- 
tures up to 600°. It consists of 
three concentric metal cylinders, the 
outer one being coated with non- 
conducting material. They are so 
arranged that the heated air from a 
movable ring burner passes between 
the two outer cylinders (shown in Fig. 30. 

section in the figure), and descends 

to the bottom of the central cylinder, into which it has access 
through a ring of circular holes. The hot air is thoroughly 
cohen’s p. o. c. ^ 
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mixed by this zigzag flow, and the temperature is equalised. 
The bulb of the displacement apparatus is clamped in the interior 
cylinder, and a thermometer is fixed beside it. 

The vapour density of freshly distilled aniline, b.p. 182®, may 
be determined, the temperature of the air-bath being adjusted 
to about 240®. The adjustment is made by raising or lowering 
the flame, or by altering the position of the movable ring burner. 

Example. — 0*1229 of aniline gave 31 c.c. at 7*5® and 750 mm. 

A ^ 45*87. 

Calculated for C^H^N ; A 46*5. 

The Gryoseopio or Freezing-point Method (Raoult).— This method 
depends upon the fact, first demonstrated by Raoult, and after- 
wards confirmed on theoretical grounds by van’t Hoff, that the 
original freezing-point of a given quantity of liquid is lowered the 
same number of degrees by dissolving in it different substances 
whose weights are proportional to their molecular weights. This 
rule does not, however, apply to salts, acids, etc., which appear 
to dissociate in certain solvents, nor to substances which form 
molecular aggregates or associate in solution. Supposing the 
freezing-point of 100 grams of a solvent to be lowered 1® by di.s- 
solving 1,2,3 4 grams, respectively, of four different substances, 

the molecular weights of these substances will be in the ratio of 
j : 2 : 3 : 4. In order to convert these ratios into tiaje molecular 
weights, the numbers must be multiplied by a coefficient which 
depends upon the nature of the particular solvent selected, and may 
be determined empirically by means of substances of known mole- 
cular weight or by ciilculation from thermodynamical data.^ 

If w is the weight of substance and W the weight of solvent, 
i the depnwion of the freezing-point, and k the coefficient for 
the solvx||t determined for the standard conditions, for the 
weight substance, which produces 1® depression in 100 grams 
of the molecular weight M is given by the following 

- . 100 ow 

Fide van't Hofl. Zischr. phys. CheAt,, i, p 481 ; Ostwald, Outlines of 
Chemistry » chap. vi. Jp. 139; J* Walker, Introduction to Physical 
t^omeiry, chap, xviii. p. 176. 
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values of k for some of the common solvents with their 
melting-points are given in the following table ; — 


Water 

Nitrobenzene 
Benzene 
Acetic acid 
Phenol 
/»-Toluidine 



m.p. 

... ... 

5*3 


5*4 


17 

... ... 

40 


42*5 


k, 

18-5 

70*0 

50*0 

39-0 

72*0 

51-0 


It should be remembered that nitrobenzene, phenol, and acetic acid 
are hydroscopic. 

The following apparatus is required : — 

A Beckmann Freezing-point 
Apparatus , — The form of appa- 
ratus is shown in the accom- 
panying Fig. 31. It consists of 
a glass jar standing on a metal 
tray and furnished with a stirrer. 

The cover of the jar has a wide 
slit to admit the stirrer, and a 
circular aperture with clips to 
hold a wide test-tube. 

Within the wide test-tube is a 
narrower one, which is held in 
position by a cork. The narrow 
test-tube is sometimes furnished 
with a side-tube, for introducing 
the substance, but it is not 
necessary. It is provided with 
a stirrer. A Beckmann thermo- 
meter completes the apparatus. 

This is fixed through a cork so 
that the bulb nearly touches the 
bottom of the tube, a wide slit 
being cut in the side of the cork 
for moving the stirrer. The 
Beckmann thermometer is of 
special construction and requires 
explanation* As the method 

3)3 



Fig. 31. 
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involves merely an accurate determination of small differences 
of temperature, it is not requisite to know the exact position on 
the thermometer scale. The Beckmann thermometer registers 
6 degrees, which are divided into hundredths. The little glass 
reservoir at the top (a. Fig. 31) serves the purpose of adjusting the 
mercury column to different parts of the thermometer scale by 
adding or removing mercury from the bulb. 

Freezing-point Determination.— In the example to be described, 
pure benzene (see p. 151) is used as the solvent. Carefully dry the 
inner tube. Fit it with a cork and weigh it together with the cork 
suspended by a wire to the arm of the balance. Introduce sufficient 
benzene to cover the bulb of the Beckmann thermometer when it 
is pushed nearly to the bottom of the tube. About 10 c.c. will be 
found to be sufficient. Insert the cork and weigh the tube and 
benzene. Fill up the outer jar with water and small lumps of ice 
and stir from time to time. Whilst the benzene is cooling in the 
apparatus the Beckmann thermometer may be adjusted. 

Adjustment of the Beckmann Ihermometer. — Determine first the 
value of the mercury thread in degrees between the top oi the scale 
and the orifice of the reservoir. This may be done by warming the 
bulb in a water-batb along with an ordinary thermometer. As 
soon as sufficient mercury has ( ollected at the orifice, the burner 
is removed, the water well stirred, and the little bead of mercury 
deta(hed by gently tapping the head of the thermometer without 
removing the bulb from the water. The temperature on the 
ordinary thermometer is noted and is again read off when the 
mercury in the Beckmann thermometer has subsided to th(‘ top 
of the scale. Supposing, then, the value of the thread above the 
scale to have been determined and equivalent to 2°, and the freezmg- 
ppint of benzene to be about 4®, the thermometer degrees may in 
tHis case be made to coincide with the Beckmann degrees, which 
will brihg the thread of menniry well up the scale. Ttie bulb of the 
thermometer will therefore require to be at a temperature of 
6+ 2?=^ 8® before 'removing the excess of mercury. It will, 
however, be necessary to introduce more mercury into the bulb. 
Tils is done by inverting fhe thermometer and tapping it gently 

the palm of the hand, $0 as to detach a bead of mercury, which 
slips down to the orifice of the capillary. By warming the bulb 
thg mercury h driven to the top and coalesces with that in the 
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reservoir^, so that on cooling the additional mercury runs into 
the bulb. When suflScient mercury has been added the thermo- 
meter is cooled to 8°, and the excess detached as described above, 
The zero should now coincide approximately with that of ice- 
cold water. If the thermometer is to be adjusted to any other 
temperature it is placed in water and warmed to that temperature + 
the number of degrees on the scale above that point + the value 
of the thread above the S(‘ale. The excess of mercury is then 
detached. The thermometer being adjusted, insert it through the 
cork so that the bulb is well covered by the benzene, and let the 
benzene cool well beiow its freezing-point before stirring. Tap 
the head of the thermometer occasionally with a pencil. Now 
stir briskly for a moment. As soon as crystals of the solvent 
begin to separate the mercury threatl will shoot up. Stir 
o(Tasionally and tap the thermometer, and note tlie maximum 
temperature reached by means of a lens. This gives a rough 
indication of the freezing-point of the benzene. Take out the inner 
tube and melt the crystals by warming the tube in the hand, and 
replace it m the apparatus. Repeat the experiment, cooling the 
solvent not more than o’z® below its freezing-point before stirring. 
Make two or three determinations in this way. The results should 
not differ by more than o*oi°. Fuse some naphthalene in a basin 
and break it up into small lumps or mould into pellets (p. 41), 
Weigh a piece of about o*i to o’z gram on a watch-glass. Raise 
the cork of the inner tube and drop the naphthalene m. Let it 
dissolve and then determine the freezing-point of the benzene as 
before. Repeat the process by dropping one or two fresh pieces 
of naphthalene into the same solvent. At the end ot the operation 
remove the thermometer and stirrer, and weigh the benzene in 
the inner tube with the cork. After deducting the weight of 
naphthalene, the weight of the benzene will be approximately 
the mean of the first and final weighings. 

Example, ^XJsing the same solvent and adding successively 
three lots of substance (naphthalene), the following results were 


obtained — 

w, W, a. 

M. 

Mean, 

I 

0-0985 9-7 0-403 

126 ] 

1 

3 

0-0729 „ 0-305 

123-2 

r 125-3 

3 


120-8 J 



Calculated for C^gH, ; M = 

= 128, 
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In determining the molecular weight of liquids the ap|)amtus 
shown in Fig. 82 (p, 256) is convenient for weighing and transferring 
the liquid to the tube. 

The Sykman Depressimeter. — For rapid but less accurate 
determinations the apparatus of Eykman may be used, which is 
shown in Fig. 3a. It consists of a small vessel, into the neck of 
which a thermometer is ground. The thermometer is of the Beck- 
mann type but divided into twentieths of degrees. Phenol, m. p. 
42*5®, is usually employed as the solvent. The vessel and thermo- 
meter are dried and weighed. Phenol melted on the water-bath 
is poured in to within about 5 c.c. of the neck, the 
thermometer inserted, and the apparatus weighed 
again. The melting-point of the phenol must now be 
ascertained. Warm the metal over a small flame on 
a sand-bath so as to melt the phenol, leaving, however, 
a few crystals floating in the liquid, and place the 
vessel in the cylinder, at the bottom of which is a wire 
spring or pad of cotton wool. A perforated cork at the 
top keeps the stem of the thermometer in position. Let 
the phenol cool down well below its freezing-point, and 
then shake the cylinder until .solidification commences. 
This will give a first approximation to the freezing- 
point. The phenol is now w'armed gently as before 
Fig. 32. until only a few' crystals remain unmelted. The vessel 
is replaced in the cylinder and the liquid cooled 0*5° 
to below' the point previously ascertained. It is now shaken 
until crystallisation sets in, and then occasionally until the maxi- 
mum point is reached. The operation is repeated as often as 
requisite. The substance is now introduced, a sufficient quantity 
being taken to produce a depression of at least 0*5®. In order 
to effect this the phenol is melted and the neck warmed with 
a small flame until the thermometer is loosened and can be with- 
drawn. As much phenol as possible is allowed to drain off the neck 
and off the thermomAer, and the weighed quantity of substance 
introduced. The thermometer is replaced, and any phenol whicb 
ma^ have run out is ^iped off from the outside of the vessel, which 
is uben re-weighed. The freezing-point is determined as before. 
The EbitIUoseopie or BoiUiig«*poiiit Holliod (RBOUlt).— Tfie boiling- 
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point of a liquid is found to be affected by the presence of a dissolved 
substance in a similar manner to the freezing-point^ that is, the 
boiling-point of a given quantity of a liquid is raised the same 
number of degrees by 


dissolving in it the same 
number of molecules of 
different substances, or, in 
other words, such weights 
of these substances as re- 
present the ratio of their 
molecular weights. These 
facts were first clearly 
demonstrated by Raoull. 

Statical Method.— The 
most convenient form of 
apparatus for determining 
molecular weight by this 
method is Beckmann’s ijoil- 
ing-point apparatus shown 
in Fig. 33. 

It consists of a boiling- 
tube, through the bottom 
of which a stout platinum 
wire is sealed, which is 
intended to conduct exter- 
nal heat to the liquid and 
form bubbles at one point. 
Above the nire is a layer, 
about an inch deep, of glass 
beads. The object of the 
beads is to break up the 
bubbles and so prevent 
superheating and irregular 



boiling. To the side limb a 


Fig. 33. 


reflux condenser is attached 


to condense the vapours given off during the boiling. A Beckmann 
thermometer is inserted through the mouth of the tube. This 
thermometer is similar in construction to that used for freezing- 
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point determinations, but it has a smaller bulb. The boiling-tube 
is placed in the central cavity of a hollow glass or porcelain jacket, 
which contains the same liquid as the lx)iling-tube and is also 
provided with a condenser. This jacket prevents radiation from 
the boiling-tube. It is provided with two windows of mica. The 
jacket is clamped on a gauze ring supported on a square tray of. 
asbestos placed upon a tripod. In the figure the lower part of the 
porcelain jacket and the asbestos tray are made transparent to 
show the position of the burners and the concentric rings o asbestos 
below the tray. The asbestos has a circular hole in the centre, 
which admits the lower end of the boiling-tube. Two asbestos 
chimneys are fixed upright at the diagonal comers of the tray to 
carry off heated air and two burners arc placed below the other two 
corners. The boiling-point of the solvent is first ascertained. 
For this purpose benzene may be used. The Beckmann thermo- 
meter must be adjusted so that, when in the boiling liquid, the 
thread occupies the lower half of the scale. In order to adjust it, 
the bulb must be pla<'ed in water warmed gradually t — 7"^ above 
the boiling-point of benzene, and the bead then detached as already 
explained in the description of the freezing-point method. 

The boiling-tube is carefully dried and weighed with the beads. 
Sufficient benzene is poured in to cover the bulb of the thermometer, 
which is pushed down a little way into the l)eads. The condenser 
is attached to the side limb. A layer of 1 — 2 ( m. of benzene is 
poured dnto the outer jacket, and the condenser fixed in position. 
The same water supply may be made to traverse both condensers. 
The two burners under the tray are lighted and the temperature 
is regulated so that the benzene in the outer jacket boils briskly, 
whilst at the same time sufficient heat finds its way to the boiling- 
tube, through the gauze ring outside the concentric screens of 
asbestos below the tray, to keep the benzene in the state of steady 
ebullition. In about i hour from the time the benzene boils in the 
inner tube the first reading may be made, and a fresh reading made 
every five minutes until the temperature is constant, does not 
vary more than 0*01®. As the atmospheric pressure may produce 
considerable variations in the reading, it is important to observe 
the barometer occasionally during the experiment, and to make a 
correction, which is about 0*043® every r mm. below 760. 
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The temperature being constant, a pellet (o*i — q* 2 gram) of 
fused naphthalene is carefully weighed and dropped into the 
boiling-tube through the condenser without interrupting the 
boiling. These pellets are conveniently made in a small bullet- 
mould. 

The boiling-point will rise and after a few minutes will remain 
stationary. The temperature is noted. A second and third 
determination may be made by introducing fresh pellets of 
naphthalene. 

When the observations are complete, the apparatus is allowed 
to cool and the weight of benzene ascertained by weighing the 
boiling-tube and benzene. 

As in the freezing-point method, the molecular weight is calcu- 
lated from the weight of substance required to raise the boiling- 
point of 100 grams of solvent i®, and the result multiplied by a 
coefficient which depends upon the nature of the solvent. The 
following is a list of solvents commonly employed and their 
coefficients and boiling-points : — 


Ether 

b.p. 

35 " 

k. 

Ethyl alcohol ... 

b.p. 

78° 

Acetone ... 


I7-I 

Benzene ... 

79“ 

Cliloroform 

61° 

j 

Water 

1 100° 

Methyl alcohol ... 

60 ^ 

8-8 ! 

Acetic acid 

I 18” 

Ethyl acetate 

/ / 

26-8 

Aniline ... 

184° 1 


The molecular weight is determined from the formula 


M = 


100 kw 


in which te? is the weight of substance, W that of the solvent, d the 
rise of boiling-point, and k the coefficient. 

Example , — Using the same solvent and adding successively 
four pellets of naphthalene, the following results were obtained : — 



w. 

IV, 

d. 

M, 

Mean, 

1 

0^866 

21-313 

0-185 

126-6 ' 

1 

2 

0 * 1^93 i 

21 313 

0-185 

128-3 

[ 128-3 

3 

0*1860 

21*313 

0*185 

126-0 

4 

0*1901 1 

21*313 

o-i8o 

132-4 J 

1 


Calculated for M = 128. 
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A simpler and more convenient form of Beckmann apparatus* 

requiring much less solvent 



and giving equally accurate 
results, is shown in Fig. 34. 
It consists of a boiling-tube 
furnished with two side pieces, 
one of which is stoppered and 
serves to introduce the sub- 
stance and the other acts as a 
condenser. The boiling-tube 
stands on an asbestos pad 
and is surrounded by two 
short concentric glass cylin- 
ders surmounted by a mica 
plate. The other parts of the 
apparatus are similar to those 
in the older form and the 
process is conducted in the 
same way. 

Example , — Ten c.c. of benz- 
ene were used and two pel- 


3^. lets of naphthalene were 

added. 



w. 

w. 

d. 

M, 

I 

[ 0*2072 j 

8-74 1 

0-483 

1 131-1 

JL 

1 0*2072 1 

8-74 1 

0-485 

1 127*6 


Mean, 


Qynamieal Method, —A third, somew^hat different and less 
accurate, method for determining the boiling-point is one devised 
by Sakurai and modified by Landsberger and later by Walker and 
Lumsden. The apparatus of Walker and Lumsden is shown in 
Fig* 35, and consists of three vessels* a boiling flask, a, a tube, b, 
graduated in c.c., and an outer jacket of glass, c. The boiling flask 
is provided with a safety tube, o, and a bent tube, e, which is 
connected with another bent tube, f, passing through a cork to the 
bottom of the graduated tube, b. A thermometer graduated in 
teisths is inserted through a second hole in the same cork. There 
is a small hole at g in the graduated tube below the cork through 
i^hich the vapour of the Ixiiling liquid escapes into the outside 
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jacket, and is condensed by a condenser not shown in the diagram. 
The outer jacket, c, is attached by a cork surrounding b. A small 
quantity of solvent (5 — 10 c.c.) is introduced into the tube b and 
a larger quantity of the same 
solvent into the boiling flask, a. 

The vapour from a passes into 
B and raises it to the boiling- 
point, which is read off. The 
excess of liquid which has con- 
densed is poured out. The 
weighed substance is intro- 
duced and the boiling con- 
tinued. When a steady tem- 
perature is reached, the new 
boiling-point is determined ; 
the tube is immediately dis- 
connected from the flask, the 
flame removed, and the volume 
of the solvent is read off as 
accurately as possible. By 
repeating the process, several 
determinations may be carried 
out with the same solvent 
and the same material. The 
weighing of fresh solvent for each estimation of new portions of 
substance is also avoided. The main precautions to be taken are 
(i) to ensure steady boiling in the flask, a, by introducing fragments 
of porous pot, and (2) to conduct the boiling at such a rate that 
the drops fall slowly and regularly from the condenser. The inac- 
curacies of the method arise from constant change of concentration 
throughout the operation and from impurity in the solvent, the 
boiling-point of which will have a tendency to rise as the 
distillation proceeds. Examples , — 

UK Volume of Solvent} d, M. Mean, 

1 I 0*8109 gram (urea) I 17*5 c.c. (alcohol) 1 1*04° I 69 '1 

2 I 0*8190 „ 1 33*1 „ „ 1 0*52“ I h5 i ^ 

Calculated for CON2H4 ; M 60. 

^ The constants for liquids at the boihng-pomt constant divided 
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Although the boiling-point method is able to dispose of a greater 
number of convenient solvents than are suitable for freezing-point 
determinations, it is never so accurate, mainly on account of the 
difficulty of avoiding fluctuations in the boiling-point, due to 
radiation, to the dripping of cold liquid from the condenser, to 
impure solvent, and to barometric fluctuations. 


Molecular Weight of Organic Acids 

Determination by means of the Silver Salt. — The basicity of an 
organic acid being known, the molecular weight can be determined 
by estimating the amount of metal in one of its normal salts, llie 
ratio of metal to salt will be that of the atomic weight of the metal 
to the molecular weight of the salt. Tlie silver salts are usually 
selected for these determinations, since they are. as a rule, normal, 
neither acid nor basic; they are only slightly soluble in w^ater, 
and are consequently readily obtained by precipitation, and finally 
they rarely contain water of crystallisation. On the other hand, 
they are very unstable, being quickly discoloured when exposed 
to light, and often decomposing with slight explosion when heated. 
Silver benzoate may be prepared by w^ay of illustration. Weigh 
out roughly 2 — 3 grams of benzoic acid into a flask, and add about 
20 c.c. of w^ater and an excess of dilute ammonia. Boil the solution 
until the escaping steam has nearly lost the smell of ammonia, 
and then test the liquid from time to time until it is neutral to litmus. 
Cool the flask under the tap, and add an excess of silver nitrate 
solution (3 — ^4 grams AgNOg). Filter wdth the filter-pump. 

Ftitratlon under Reduced Pressure. — A filter-pump is an essential 
part of a laboratory fitting. It consists of a good water-jet aspirator 
(.see Fig. 36), which is fixed to the w^ater-tap by a stout piece of 
rubber tubing well wired at both ends. The joint is wrapped 
round with cloth or leather wired on to the rubber. The side-tube 
of the aspirator is connected by pump tubing to an empty filter 

by the specific gravity of the solvent at the boiHng*point) are as 
fellows ; — 

Alcohol 15*60 Acetone 22*20 

Ether 30*30 Chloroform ... 26*00 

Water 5*40 Benzene 32*80 
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fla^k or bottle by means of a glass tap. A second glass tube or side 
piece is put in connection with the filter flask by means of rubber 
tubing. The object of inserting a vessel between the pump and 
the filter flask is to prevent water running back when the aspirator 
is stopped. Before stopping the pump, close the glass tap. Turn 
off the water, and then lift the tap out of its socket for a moment 
to equalise the pressure. 

Use a porcelain funnel and filter flask, different sizes of which 
are shown in Fig. 37, The bottom of the funnel is covered with 
a disc of filter paper. After filtering, wash three or four times 



Fig. 38. 


with a little cold water, press the precipitate well down and let 
it drain. Remove the precipitate and spread it on a piece of 
porous plate, and place it in a vacuum-desiccator over sulphuric 
acid. There are several useful forms of vacuum-desiccator, two 
of which are represented in Fig. 38. 

The ground rims are greased with vaseline or a mixture of bees- 
wax and vaseline, and the air is exhausted by attaching the tube 
of the water-pump to the glass tap of the desiccator. 

If the substance is left overnight in the desiccator it will be 
dfy by the next day. The silver salt should be protected as far 
as possible from the light. When the precipitate is thoroughly 
dry, weigh about 0*3 gram into a weighed porcelain crucible 
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Cover with the lid and heat, at first gently, over a small flame^ 
When the first reaction is over, heat the crucible for a few minutes 
to a dull red heat, and then allow it to cool in a desiccator. The 
silver salt will be completely decomposed and leave a dull white 
residue of silver. The crucible is now weighed and the weight of 
silver determined. 

If W is the weight of salt, w the weight of silver, and n the basicity 
of the acid, the molecular weight of the silver salt is determined 
from the following formula — 

IV X io8 « 
w 


The molecular weight of the acid is then obtained by deducting 
M atoms of silver and adding p atoms of hydrogen. 

Example, — 0*3652 gram silirer benzoate gave 0*1720 gram silver. 


108 X 0*3652 


108 


0*1720 

Calculated for C-H, (>2 ; M 


122 * 2 . 
- 122 


Molecular Weight of Organic Bases 

Detemination by means of the Platinum Salt. — The organic 
bases form, like ammonia, crystalline chloroplatinates with platinic 
chloride of the general formula B^H^PtClg. By estimating the 
amount of platinum present in the salt, it is possible to calculate 
the molecular weight of the platinum compound, and consequently 
that of the base. 

Dissolve about i gram of an organic base (brucine, strychnine, 
quinine, &c.) in 10 c.c. of a mixture of equal volumes of concentrated 
hydrochloric acid and water. To the clear hot solution add excess 
of platinic chloride and let it cool. Yellow microscopic crystals 
of the chloroplatinate of the base separate. (If the chloroplatinate 
of the base is very soluble in water, such as aniline, it must be 
washed with strong hydrochloric acid, pressed on a porous plate 
and dried in a vacuum-desiccator over solid caustic potash.) 

Filter on the porcelain funnel with the pump and wash three 
or four times with small quantities of cold water. Press the 
precipitate down and dry on a porous plate in the vacuum-desic- 
cator. When thoroughly dry, weigh out about 0*5 to i gram of 
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the compound into a porcelain or platinum crucible, and heat 
gently with the lid on, and then more strongly until the organic 
matter is completely burnt away. Cool the crucible in the desiccator 
and weigh. 

The molecular weight of the salt is calculated from the weight 
w of the platinum, and IT of the salt, according to the formula 
(the atomic weight of platinum being 195) : — 

ir X 195 

w 


To determine from this the weight of the base, it is necessary 
to deduct from the molecular weight of the salt that of Hj^PtClg, 
and as two molecules of the base are contained in the salt, the 
result is halved. 

Example, — 0*7010 gram of aniline chloroplatinate, 
gave 0*2303 gram platinum. 


0*7010 X 195 

594*2. 

0*2303 

594*^ ~ 4<>9*9 


M. W. of the salt, 
92*15. 


Calculated for M ==93. 
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PREPARATIONS 


General Remarks. — ^C^irefuUy read through the method. Refer- 
ences to the process are given under each heading. Be clear 
as to the objects of the various steps described and the nature 
of the materials employed. It cannot be too strongly urged that 
in all cases where any doubt exists as to the nature of an operation, 
a preliminary trial should be made in a test-tube with a small 
quantity of the substance. This is especially necessary in crystal- 
lisation where the quantity and character of the solvent are 
unknown. A vast amount of time and material is thereby saved. 
A small stock of clean and dry test-tubes (5 X | and smaller sizes) 
should always be at hand for this purpose ; also watch-glasses or 
glass slips for microscopic examination of solid substances. 

Filtration should always be done with the water-pump, using 
a porcelain (Buchner) funnel (see p. 45), unless the precipitate in 
certain special cases is of such a character (amorphous or slimy) 
that a folded filter, a cloth, or a centrifuge is found to be preferable. 

The yield of either the crude or purified product should always 
be ascertained^ and the purity of the product determined either 
by the boiling-point or melting-point. A small rough balance with 
celluloid pans, for use on the bench, is indispensable. 

Select vessels of a size appropriate to the quantities dealt with. 
Never use beakers for boiling or evaporating liquids, but flasks 
and basins. Use ordinary, carefully selected corks rather than 
rubber stoppers (which are attacked by many organic liquids), and 
soften them well before use in a cork squeezer. The reactions 
described at the end of each preparation are to be done in 
test-tubes, and should not be neglected. 

Volatile and inflammable solvents such as carbon bisulphide, 
petroleum ether, ordinary ether, benzene and alcohol should 
invariably be distilled from a water-bath, and not over a sand-bath 
or wire-gauze, 

SI E z 
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Above work with suitable, compact and clean apparatus on 
a clean bench. The best results are usually obtained when the 
preparation is carried out with something of the care and accuracy 
of a quantitative analysis. 

Where the astmsk occurs, it signifies that the operation must 
be conducted in the fume cupboard. 

Whilst the preparation is in progress, utilise the spare minutes 
in reading the notes in the Appendix, p. 369. 

To facilitate reference to general manipulative processes, wliich 
are described as they occur in conjunction with different preparations* 
the following table is added : — 

Solids. 

Filtration ... 

Filtration under reduced* pressure 
Crystallisation 

Fractional crystallisatkm 

Sublimation 

Determination of melting-point . . . 


Liquids. 

Dehydration ... 60 

Determination of boiling-point 63 

Distillation under reduced pressure ... 100 

Distillation in steam ... ... ... 130 

Distillation with superheated steam ... 279 

Fractional distillation 13T 

Detenninatioti of specific gravity .. ^ 

Liquids and Solids. 

Heating under pressure 90 

Determination of rotatory power 139 

Mechanical stirring 112 


PiirificatiaQ of Methylated Spirit and Spirits of Wine 

Methylated spirit, or spirits of wine 60 — 70 “ over-proof/' may 
generally replace the more costly absolute alcohol as a solvent 
after undergoing a g^ocess of purification. The methylated spirit 
must he of the old kind, consisting of a mixture of 9 parts spirit 
wine and i part purified wood-spirit, without the addition of 
l^taffin, i.e., it should give a clear solution with water. It is, 
liowever, preferable to use rectified spirits 60-^70 over*proof, which 


Page. 

57 

44 

56 

146 

288 

83 
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can be bought free of duty by teaching institutions on application to 


the Inland Revenue Board. 

Methylated spirit contains, in addition to 
ethyl and methyl alcohols, water, fusel-oil, 
acetaldehyde, and acetone. It may be 
freed from aldehyde by boiling with 2 — 3 
per cent, solid caustic potash on the 
water-bath with an upright condenser for 
one hour, or if larger quantities are em- 
ployed, a tin bottle is preferable, which 
is heated directly over a small flame (see 
Fig. 39). It is then distilled with the 
apparatus shown in Fig. 40. The bottle 
is here surmounted with a T-piece holding 
a thermometer. The distillation is stop- 
ped when most of the spirit has distilled 
and the thermometer indicates 80^. A 
further purification may be effected by 
adding a little powdered permanganate 
of potash and by a second distillation, 
but this is rarely necessary. The same 
method of purification may be applied to 
over-proof spirit, which will henceforth 



Fig. 39. 


be called spirit as distinguished from the pure product or absolute 


alcohol. 



Fig. iio. 
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Etliyl C2H5.O& 

Commercial absolute alcohol may be used for the preparations 
which follow. It is obtained by distilling crude spirits of wine over 
quicklime, and usually contains about 0*5 per cent, of water. To 
remove the last traces of water, the alcohol is boiled in a round 
flask or tin bottle attached to a reflu?c condenser as shown in Fig* 41, 
with the addition of about 5 grams of metallic calcium to the 
litre of alcoholt 

ethyl alcohol boils at 78*3®, and has a $p* gr. 
of 0793 at 15®. It mixes with water in all proportions. 



Fig 41. 


Rmciims.— i, A delicate test for ethyl alcohol is the todofwm 
rmcUon. Pour a few drops of alcohol into a test-tube and add 
about 5 c.c. of a solution of iodine in potassium iodide, and then 
dilute caustic soda solution until the iodine colour vanishes. Shake 
up and warm very, gently to about 60^. If no turbidity or 
predpitate appears at once, set the test-tube aside for a time. 
Yellow crystals of iodoform will ultimately deposit, which have a 
peci^iar odour, and a characteristic star shape when viewed under 
the miowpope. The same reaction is given with other substances, 
such as acetone, aldehyde, &c., but not with methyl alcohol 

4* 4 lt -h ^aOH CHIj 4- HCO.ONa + ^Nal -f 
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2. Add 2 cx. of ethyl alcohol to 0*5 gram of ^-nitrobenzoyl 
chloride (see p. 243) and warm gently. There is a vigorous 
effervescence. Pour into water, make alkaline with sodium 
carbonate, filter, wash with a little water and crystallise from 
alcohol, ('olourless, foliated crystals of the ester separate which 
melt at 57"^. 

NOaCeH.COCl + CaH^OH == NO^C^H^COOCjHs + HQ. 

3. Mix together 0*5 gram of ethyl alcohol and 1*3 grams of 
phenylisocyanate, CgH^NiCO, and heat them for a few minutes on 
the water-bath. On cooling and standing the ethyl ester of phenyl 
urethane crystallises, m.p. 51 — 52'^. 

CeH5N:CO + CjHgOH C^HjN^H.COOCjH^. 


Preparation i. 

Potassium Ethyl Sulphate, C2n5O.SO2.OK 

Dabit, Aftn. Chim. Phys. 1800 (1), 34 , 300; Claesson, J. prakt. Ghent. 
1879 (2), 19 , 246. 

70 grams (87 c.c.^ absolute alcohol ^ 

50 „ (27 c.c.) cone, sulphuric acid. 

The alcohol is poured into a round flask (J litre) and the sulphuric 
acid is slowly added and well mixed by shaking. A considerable 
amount of heat is developed in the process. The flask is now 
fitted with a reflux condenser (see Fig. 41), placed upon the water- 
bath and heated for 2—3 hours. The product now contains, in 
addition to ethyl hydrogen sulphate, free sulphuric acid and un- 
changed alcohol. The liquid on cooling is poured into J litre of cold 
water in a large basin and wxll stirred. It is neutralised by adding 
chalk ground into a thin paste with water. This precipitates the 
free sulphuric acid as calcium sulphate and converts the ethyl 
hydrogen sulphate into the soluble calcium salt. The mixture is 
heated and filtered through a large porcelain funnel (see Fig. 37) at 
the filter-pump, and the precipitate pressed well down. The clear 
filtrate is heated on the water-bath and a solution of potassium 
carbonate (about 50 grams) is added in small quantities until the 

^ For the preparation of methyl potassium sulphate the same 
quantity of methyl alcohol is used ; in other respects the two processes 
are identical. The yield is 45 — 50 grams. 
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liquid k slightly alkaliiie. To ensure complete precipitation a little 
of the clear liquid should be removed and tested with a sokition of 
potassium carbonate before proceeding. 

The calcium salt is thereby converted into the soluble potassium 
salt and calcium carbonate is precipitated. The latter is removed 
by filtration, as before, and the filtrate evaporated on the water- 
bath nearly to dryness. The potassium ethyl sulpliate which 
crystallises on cooling is drained on a porcelain funnel and washed 
with a little spirit or methylated spirit.^ 

Crystallisation. — The substance should now be recrystallised. 
The success of many operations in practical organic chemistry 
depends up)on skill in crystallisation. The first essential is to select 
a suitable solvent, that is, one which dissolves much more of the 
substance at a high than at a low' temperature. To discover a 
suitable solvent a small quantity of the substance (o*i gram is 
sufficient) is placed in a test-tube and a few drops of the solvent are 
poured in. The common solvents are water, methyl and ethyl 
alcohol, ethyl acetate, acetic acid, acetone, benzene (also toluene 
and xylene), petroleum spirit and ligroin, chloroform, carbon tetra- 
chloride, nitrobenzene and pyridine. If the sul^stance dissolves 
on shaking without warming or does not visibly diminish on boiling, 
it may be discarded as unsuitable. If it dissolves on heating or 
boiling and crystallises on cooling in considerable quantity it may 
be employed. Sometimes solutions can be supercooled. In such 
cases, rubbing the sides of the test-tube with a glass rod or adding 
a trace of the solid will often cause the substance to deposit x\ 
convenient method of crystallisation may be occasionally employed 
by u$ing two miscible solvents in one of which the substauice is soluble 
and in the other insoluble. The substance is then dissolved in a small 
quantity of the first solvent and the second added gradually until 
a turbidity appears. Alcohol and water, acetic acid and water, 
and benzene and petroleum spirit are often used in conjunction 
in this way. If a substance of low melting-point is to be crystallised, 
care should be taken that sufficient solvent is present to prevent 
the substance separating at a temperature at which it is still liquid. 
The interval of temperature may be increased after the solution 

^ tf methylated spirit is used it must be punfied according to the 
method desmbed on p. 52. 
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has reached the ordinary temperature, by cooling it in a freezing 
mixture, when more of the solid will be deposited. 

In the present instance spirit or methylated spirit (purified) 
will be found an efficient solvent for potassium ethyl sulphate. The 



€L 




* 


Fig. 42. 



following is the mode of procedure when a volatile or inflammable 
solvent IS used ; the substance is placed in a round flask attached 
to an upright condenser and heated on the water-bath. The form 
of apparatus is that already described (see Fig. 41). Small quantities 
of spirit are added and kept boiling until most of the solid f>asses 
into solution. A small quantity of impurity 
may remain undissolved. The hot solution 
is at once decanted or filtered rapidly 
through a porcelain funnel and filter flask 
attiiched to the pump (see p. 45). Other- 
wise a fiuied filter (Fig. 42) or hot-water 
funnel (Fig. 43), though less satisfactory, 
may be used, the object in all cases being 
to prev'-ent crystallisation taking place in the 



funnel. 

A fluted filter is made by first folding a 


Fig. 43. 


large circular filter paper in the ordinary way. It is then half 
opened out and the two quadrants folded towards the middle 
line (see a, Fig. 42). This makes three creases with the hollows 
on the same side. The filter is now turned over and each section 


folded down the centre so that the hollows of the four new creases 


SB 
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alternate with the ridges of the three others, as shown at b. The 
paper when opened now appears like c. The two rectangular flut- 
ings indicated by an asterisk have still to be divided by a crease 
down the middle. The filter is now pushed well into the funnel, 
the stem of which is cut off short, as shown at d. The object of 
the short stem is to prevent crystallisation and blocking of the orifice. 

A hot^water funnel is shown in Fig. 43. It consists of a jacketed 
metal funnel, with a projecting metal tube. The vessel is partly 
filled with water which is boiled by placing a small burner under the 
end of the tube. The glass funnel is placed within the metal- 
jacket. By keeping the liquid hot, crystallisation in the filter is 
thus prevented. 

Before filtering an inflammable liquid such as alcohol the flame 
must be removed.^ After standing, the liquid deposits crystals of 
potassium ethyl sulphate, which are filtered at the pump and pressed 
well down. They are then dried on a plate of unglazed earthen- 
ware or on a thin pad consisting of three or four sheets of filter 
paper, with another sheet over the crystals to keep out the dust. 
On concentrating the mother liquors on the water-bath, a further 
quantity of crystals may be obtained. Yield 35 — 40 grams. The 
following equations express the chemical reactions which occur : 

I. CgH^OH -f H,SO* -- CjH.SO^H i H,0 

Ethyl hydrogen sulphate. 

z. 2 C*HsS 04 H 4“ CaCOs -= (C,HjS 04 )aCa -f 11,0 + Ci), 

Calcium ethyl sulphate. 

3. {C,H,SO,),Ca + K 2 CO, 2C,H,S0«K + CaCC),. 

Potassium ethyl sulphate. 

Properlies, — Colourless, foliated crystals ; easily soluble in water 
and dilute alcohol, less soluble in absolute alcohol. 

Reactims, — i. Dissolve a little of the recrystallised salt in water, 
and add barium chloride solution. There is no precipitate, as the 
barium salt of ethyl hydrogen sulphate is soluble in water. 2. Boil 
a little of the solution of the salt with a few drops of dilute hydro- 
chloric acid for a minute and add barium chloride. A precipitate 
of barium sulphate is formed, as, on boiling ethyl hydrogen sulphate 
in Aqncous solution, it is decomposed into sulphuric acid and alcohol 
(sec Appendix^ p. 369). 

^ A convenient and safer form of hot-water funnel i$ one provided 
wt^ a small resistance introduced into the side limb, which can be 
coj&ected to an electricity supply. 
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Preparation 2. 

Ethyl Bromide (Monobromethane), CgH^Br. 

(Method I.) 

(De Vrij, Jahresber » 1857, 441.) 

TOO grams potassium bromide 
TOO ,, (54 c.c.) cone, sulphuric acid 
M (75 c.c.) absolute alcohol. 

Fit up the apparatus as shown in Fig. 44. The distilling flask 
should have a capacity of not less than i litre, and is attached to a 
long condenser. An adapter is fixed to the end of the condenser, 



dipping into a conical flask (250 r.c.\ which serves as receiver. 
The alcohol and sulphuric acid are mixed in the distilling flask and 
cooled to the ordinary temperature under the tap. The potassium 
bromide, coarsely powdered, is then added. The flask, which is 
closed with a cork, is fixed to the condenser and heated on the sand- 
bath. A sufficient quantity of water is poured into the receiver to 
close the end of the adapter. After a short time the liquid in the 
flask begins to boil and froth up, and the ethyl bromide, in the 
form of heavy drops of colourless liquid, distils and collects at 
the bottom of the receiver. If the liquid threatens to froth over, 
the flask must be raised from the sand-bath for a moment. The 
distillation is continued until no further drops of oil appear at the 
end of the condenser. As the ethyl bromide has a low boiling- 
point (38*— 39®), it is desirable to surround the receiver with ice 
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during this operation. The distillate is now removed and poure^ 
into a separating funnel (Fig. 45), and the lower layer of ethyl bro- 
mide separated. The water is thrown away and the ethyl bromide 
poured back, together with about an equal bulk of dilute sodium 
carbonate solution, and shaken up. The ethyl bromide is with- 
drawn, as before, and again shaken up with water. Finally, it is 
carefully separated from the water and run 
into a dry distilling flask. The small quantity 
of water which remains, and renders the liquid 
turbid, is removed by adding a dehydrating 
agent. 

Dehydration. — Moisture can -be readily 
removed from liquids by adding a solid 
hygroscopic substance which does not act 
chemically upon the liquid. The common 
dehydrating agents are calcium chloride, 
potassium carbonate, sodium sulphate (anhy- 
drous), quicklime, &c. Alkalis cannot, of 
course, be used for dehydrating organic acids, 
nor ran calcium chloride be employed in 
Fig. 45. conjunction with alcohols or organic bases, 

with which it combines. In the present 
instance it can be used. A few small pieces of the granulated or 
fused calcium chloride are added to the liquid. The flask is corked 
and left to stand for some hours until the liquid becomes clear. 
It is then decanted or filtered and distilled. A thermometer is 
inserted into the neck of the flask with the bulb just below the 
side-tube. The flask is attached to a condenser and heated gently 
on the water-bath, so that the liquid distils at a moderate speed 
(2— -3 drops a second). The temperature is noted and the portion 
boiling at 35 — 43*^ collected a separate flask. This consists of in 
eti|^yl bromide which may contain a little ether. Yield 75 — 80 
p|ms. 

C,H,OH + H,SO, = C,H,.H.SO, + H^O. 

Akobol. Ethyl hydr<ogeu s ulphati' . 

C.H..H.SO, + KBr = C,H,Br + KHSO,. 

Ethyi twromide. 
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(Method IIj) 

Norris, Amer. Chem. 1907, 88, 639; /. Amer. Chem, Sac., 1916, 
88, ro75; Kamm, Marvel, J. Amer. Chem. Soc., 1920, 42 , 299. 

208 grams (140 c.c.) hydrobromic acid, 47 per cent. sp. gr. 1*49.^ 
sy (33 c.c.) cone, sulphuric acid. 

5® (^3 c.c.) purified spirit. 

The hydrobromic acid is placed in a distilling flask (i litre) and 
the sulphuric acid slowly added, the flask being shaken and cooled 
in water. The flask is attached to a condenser and 50 grams of 
spirit are slowly introduced from a tap-funnel (see Fig. 48, p. 65). 
When this has been added, a further 120 c.c. of cone, sulphuric 
acid are run in. The flask is heated on wire-gauze over a small 
flame. The ethyl bromide is collected and purified as previously 
described. The yield is about 90 grams. 

-j- HBr -- CjHgBr -f Hfi. 

Properties . — Colourless liquid; b.p. 38*8*^; sp. gr. 1*47 at 15 
(see Appendix, p, 369). 

Determination of Specific Gravity. — A simple 
method for determining the specific gravity of liquids 
is as lollows : A pyknometer, or small glass bottle, 
of about 20 to 30 c.c. capacity is used, with narrow 
neck, upon which a mark is etched and which is 
closed by a ground glass stopper (Fig. 46). 

The bottle ii* thoroughly cleaned and dried by 
warming and aspirating air through it, after which 
it is allowed to cool and weighed. Il is then filled 
with the liquid, which is poured in through a funnel, 
the stem of which is drawn out so as to pass through 
the narrow neck. The bottle is placed in a mixture 
of snow or pounded ic'e and left for a quarter to half 46. 

an hour, until the contents have a temperature of 0°. 

The meniscus is now adjusted until it coincides with the mark on 
the neck of the bottle. If more liquid has to be added, this may 
be done from a small pipette with capillary delivery tube ; if some 
of the liquid has to be removed, a thin roll of filter paper may be 

‘ For the preparation of hydrobromic acid, see p. 362. 
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inserted which will absorb it. The bottle is then stoppered, dried 
on the outside, left in the balance case for a quarter of an hour, 
and weighed. It is then emptied, cleaned and dried, and filled 
with distilled water previously boiled. The water is cooled to 
o®, the meniscus adjusted and the bottle weighed, the process 
just described being repeated. The following expression will give 
the specific gravity of the liquid at o® compared with water 
at o®:— 

^ ^ “'g - O'! 

Where == weight of empty bottle, 

bottle and water at o®, 

™ „ bottle and liquid at o°*; 

or, if compared with water at 4®, the above number must be 
multiplied by the density at o® = 0*999873. 

A very delicate and useful piece of apparatus, which is readily 
made with the blow-pipe, is Perkin's modification of SprengePs 



pyknometer.^ It is specially adapted for small quantities of 
liq|iiid and for the more volatile ones. The apparatus (Fig. 47) 


^ Trans, Chem. Soc, 1884, 46 , 421. 
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consists of a U-tube to hold from 2 to 10 c.c,, drawn out at each 
end into a fine capillary. The one capillary limb^ is bent out- 
wards and is furnished with a small bulb ; the other, h, is bent at a 
right angle with the first. On the limb, a, between the bulb and the 
top of the U-tube a mark is etched. The tube is dried and weighed, 
and the liquid drawn in through the limb b, until it half fills the 
small bulb on the limb a. The apparatus is cooled in ice and water, 
and the meniscus adjusted to the mark on a by tilting the tube until 
the limb b has a horizontal position. To the end of this limb a 
piece of filter paper is applied, until the liquid sinks to the desired 
position in the limb a. The U-tube is then brought to the vertical 
position, loose glass caps are placed over the ends of the two limbs, 
the apparatus is carefully dried, and allowed to stand and weighed. 
The operation is then repeated with distilled water. 

Example , — An experiment with ethyl bromide gave the following 
result : — 


Weight of tube empty 6*242 grams 

•f ethyl bromide at o . 9*472 

+ water at 0° 8*417 ,, 


A - 0*999873 > I ^ 1*485. 

4 * 

Determination of the Boiling-point. — A correct determination of 
the boiling-point of a liquid is made with a standard thermometer, 
t,e,, one that has been calibrated, and the o® and loo'^ points have 
been carefully determined. An ordinary thermometer corrected by 
a standard thermometer at Kew will serve equally well. Correction 
must also be made for barometric pressure. This is approximately 
0*043*^ for every i mm. below 760 (Landolt). A further correction 
is required for the thread of mercury, whic h may project above the 
vessel. For this correction the following formula may be used : — 

N(T — /)o*oooi54. 

Where T apparent temperature in degrees. 

t = temperature of a second thermometer, the bulb of 
which is placed at half the length N above the vessel. 

N = length of the mercury column in degrees from above 
the vessel to T. 

0*000154 = apparent expansion of mercury in glass. 
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This correction may be avoided by using short (Anschiitz) 
thermometers, in which the mercury thread is entirely immersed 
in the vapour, A rough correction for points above loo*^ may be 
made by determining the boiling-points of pure organic substances, 
such as naphthalene, 216*6^, &c. 

Preparation 3. t 
Ethyl iodide (lodoethane), QH^T. 

Beilstein, AnnaUn, 1863, 188 , 250; Hunt, Trans, Chcm. Sog,, 1920, 
117 . 1592. 

100 grams iodine 
50 „ (63 c.c.) purified spirit 

10 „ red phosphorus. 

The iodine and alcohol are introduced into a distilling flask 
(250 c.c.) connected to a reflux condenser and the side-tube is closed 
with a stopper ot rubber and a glass rod. The phosphorus is then 
gradually added by detaching the flask, which is kept cool in a bath 
of cold water. A bent tube dipping into a stout and narrow glass 
cylinder containing mercury is tightly attached to the upper end of 
the condenser and the flask digested for 2 — 3 hours on the water- 
bath. It is advisable to stand the mercury vessel in a basin in the 
event of the mercury being splashed over. The ethyl iodide is then 
distilled in the ordinary way from a brine bath (a saturated solution 
of salt). The distillate, which is a heavy liquid resembling ethyl 
bromide, is purified by shaking with a solution of sodium carbonate, 
then with a solution of sodium thiosulphate to remove free iodine 
and finally with water. The liquid separated as far as possible 
from the water is dehydrated over calcium chloride and distilled. 
It boils at 72"^. The yield is about 50 — 55 grams. 

5 C,H, 0 H -f- P -f 5I - 5 C*H,I + H3PO, + H,0. 

Properties . — Colourless when pure, but rapidly becomes dis- 
coloured on exposure to air and light from the separation of iodine. 
It is highly refractive, b.p. 72°, sp, gr. 1*944 at 15°. 

HeaeHon . — Shake a few drops of ethyl iodide with an alcoholic 
solution of silver nitrate. A white precipitate of a compound of 
silver iodide and nitrate is deposited, which is decomposed and gives 
yellow silver iodide on adding water. See Appendix, p. 369. 
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Preparation 4. 

Ether (Diethyl Etfier, Diethyl Oxide), 

V. Cordus (1544); Journ. Pharm., 1815, 1 , 97; Williamson, PML 
Mag, 1850, (3) 37 , 350- 

1 50 grams (80 c.c.) cone, sulphuric acid. 

85 „ (t 10 c.c.) absolute alcohol. 

A distilling flask (J litre) is fitted with a double-bored cork. 
Through one hole a thermometer is inserted, the bulb of which 
must be covered by the liquid in the flask, and through the other a 
tap-funnel passes. The side-tube of the distilling flask is fixed by 
a cork into the upper end of a long condenser. An adapter is fitted 
to the lower end and passes through the neck of a flask, which is 
surrounded by ice. The apparatus is shown in Fig. 48^ The 



sulphuric acid and alcohol are cautiously mixed together in the 
distilling flask, which is then placed upon a sand-bath and attached 
to the condenser. The mixture is heated to 140° and alcohol is 
run in from the tap-funnel at the same speed as the liquid distils 
(about three drops a second). The temperature must be kept 
constant at 140 — 145®. When about twice the quantity of alcohol 
contained in the original mixture has been added and converted into 
ether, the distillation is stopped. The receiver now contains, in 
addition to ether, alcohol, water and sulphurous acid. The liquid 
cohkn's p. 0. c. F 
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is poured into a large separating lurniel and a small quantity (30— 
40 c,c.) of dilute caustic soda added and the mixture well shaken* 
After settling, the caustic soda solution is drawn d! below, and about 
the same quantity of a strong solution of common salt added, and tlie 
process of shaking and drawing off repeated . The ether, which is now 
free from sulphurous acid and from most of the alcohol, still 
contains water. It is therefore poured into a large dry distilling 
flask and some pieces of solid c^cium chloride are added. It is 
allowed to stand loosely corked overnight. The distilling flask is now 
attached to a long condenser and heated on the water-^bath. 'Fhe 
ether, which distils, still contains traces of alcohol and water, which it 
obstinately retains and from which it can only be freed by a further 
treatment with metallic sodium. A few very thin slices of sodium 
are dropped into the receiver and the vessel is closed with a cork, 
through which an open calcium chloride tube is inserted to allow any 
hydrogen to escape and to prevent the entrance of moisture. 

When the sodium produces no further action, the ether is decanted 
from the sodium residues into a distilling flask and distilled on the 
water-bath, A thermometer is placed in the neck of the flask to 
indicate the boiling-point, which should be constant at 35*^. 

C,HpH -h H,SO^ == C^H^^SO^H 4 H,0. 

C,H,S04H + C,HjOH « + H*S04. 

Properties. — Colourless, mobile liquid; b.p. 35®; sp. gr. 0720 
at 15®; bums with a luminous flame; not miscible with water; 
9 parts of water dissolve i part of ether, and 35 parts of ether 
dissolve I part of water at the ordinary tmiperature. Sec Appendix ^ 
P- 371- 

Commereial Ether is made from methylated spirit and contains 
alcohol, water, and other impurities, and for many reactions 
requires to be purified. Ibe following method of purification may be 
employed. The ether is distilled over a little coarsely powdered 
(Rustic potash, than placed in contact with solid calcium chloride 
for a day or two, md finally decanted and treated with metallic 
It is convenient to use a sodium knife (Fig. 49) or press 
(ft'%. 50) for pneparing tbe sodium. In the former the metal can 
be cut into very thin slices, and in the latter it i$ pressed into fine 
wm through a circular steel die. For ordinary purposes such as 
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extraction of liquids and solids mixed with water, distillation 
over caustic potash is usually a sufficient purification. 

It must be remembered that ether is highly inflammable, and 
also exceedingly volatile, and great care should be taken that 
no flame is in the neighbourhood of the liquid. It must on no 



Fig. 49. Fig. 50. 


account be distilled over the bare flame, but always from the water- 
bath, and then with along, well-cooled condenser. The distillation 
of large quantities should be avoided as far as possible. In such 
cases it is convenient to employ a distilling flask of moderate size 
(250 c.c.). and to add, as the liquid distils, a fresh supply of ether 



or ether solution from a tap-funnel inserted through the neck of 
the flask, which can be done without interrupting the distillation. 
A further safeguard is to distil the liquid over a carhon filament temp 
(as shown in the annexed Fig. 51), which should give out sufficimt 
heat to boil the ether briskly. The lamp is surrounded by a metal 
cylinder covered with sheet asbestos on which the distilling flask 
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Preparation 5. 

Ethyleiie Bromide. CHjBr.CHgBr. 

(Method I.) 

Balard, Ann, Ckim, Phys, 1826 (2), 82 , 375; Erlenmeyer, Bunte, 
Annalent 1873* 108 * 64. 

25 grams (30 cx.) absolute alcohol 
150 ,, (80 cx.) cone, sulphuric acid 

200 (66 cx.) bromine (which must be measured out in the 

fume-cupboard) 

300 „ of a mixture of 100 grams (124 c.c.) alcohol and 200 

grams (io 3 c.c.) cone, sulphuric acid. 

Fit up an apparatus as shown in Fig. 52. It consists of a round 
flask (2 litres), which is furnished with a double-bored cork. A 



Fig. 52. 


tap-funnel is inserted through one hole and a delivery tube through 
tbo other, by which it is connected with two wash-bottles with 
safety |>iibes. A useful form of wash-bottle is that shown in Fig. 52 
and ill |5d*^tion at a. Otherwise a three-necked Woulfl bottle will 
servi, inth a long tube inserted through the central neck. The 
are one-third filled with caustic soda solution. The 
iwbWdinary wash-bottles standing in the trough of water (ontain 

t a bromine. The first contains about 50 c.c. of bromine and 1 c.c. 

water and the second about 15 cx.of bromine and i cx. of water. 
fht latter is attached to a wide U tube or cylinder containing 
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pieces of soda-lime. If a cylinder is used, glass fragments or 
marbles should form a layer round the orifice of the inlet tube 
with the soda-lime above. 

The joints being tight, the mixture of 25 grams of alcohol and 
150 grams of sulphuric acid is run into the large flask containing a 
little dry sand or anhydrous aluminium sulphate and heated with 
a small flame on the sand-bath until a steady stream of gas is 
evolved. When this occurs the mixture of alcohol and sulphuric 
acid is dropped in slowly from the tap-funnel. It is important to 
moderate the temperature to prevent excessive frothing and the 
separation of carbon, which, however, cannot altogether be avoided. 
A considerable quantity of sulphur dioxide which is evolved with 
the ethylene is removed by the caustic soda in the wash-bottles. If 
the water surrounding the bromine bottles becomes warm, small 
lumps of ice should be thrown in. The caustic soda should be 
occasionally renewed otherwise sulphur dioxide may pass into tl>e 
bromine and reduce it to hydrobromic acid. If the pressure in the 
apparatus causes a back rush of bubbles through the tap-funnel 
attached to the flask, the difficulty is met by inserting the stopper in 
the tap-funnel. After a few hours the bromine in both vessels is 
decolourised or at least changes to a straw colour. The crude 
ethylene bromide is removed and shaken with dilute caustic soda 
solution, then with water, separated from the aqueous layer and 
dehydrated o\'er small pieces of calcium chloride. It is decanted or 
filtered from the calcium chloride and distilled. The distillate is 
collected at 130 — 132,^ The yield is nearly equal to the weight of 
bromine taken. 

Ethylene. 

CjH. + Br, = C,H,Br,. 

Ethylene bromide. 

Properties . — Colourless liquid, which solidifies at 0° to a 
crystalline mass and melts at b.p. 131*5°; sp. gr. 2*19 
at 15°. 

(Method II.) 

Newth, Trans. Chew. Soc , 1901, 74 , 915. 

50 grams (60 c.c.) 90 — 95 per cent, spirit 
150 c.c. syrupy phosphoric acid 

200 grams (66 c.c.) bromine (which must be measured out in 
the fume-cupboard). 
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Fit up an apparattts Its shown in Fig. 53. It consists of a round 
flask (t iitre)^ with a wide neck furnished with a treble-bored cork. 
A tube closed at the lower end for holding a thermometer is inserted 
through one hole, a tube ending in a spiral-shaped capillary, as shown 
in a, is inserted through a second hole and a delivery tube through 
the third. The upper end of the spiral outside the flask is attached 
by rubber tubing to a long wide tube (holding the spirit) drawn out 
below and provided with a screw clip to adjust the flow of alcohol. 

A Woulfl bottle is attach^ to the delivery tube, which terminates 
below the first tubulus ; through the second tubulus an open safety 
tube is inserted with a side piece near the upper end, and through 
the third tubulus a delivery tube which is attached to a wide bent 



tube lying in a metal or earthenware trough through which cold 
water flows, or to which ice is added from lime to time. The 
upper end of this tube is connected to a wash-bottle. The 150 c.c. 
of syrupy phosphoric acid are poured into the round flask, about 
55 c.c. of bromine and 10 c.c. of water are introduced into the wide ^ 
tube, and 10 c.c. of bromine and 10 c.c. of water into the end wash- 
bottle. The phosphoric acid is heated to 190 — 200°, and then the 
spirit is allowed to %w in slowly, the temperature being maintained 
at Itie phosphoric acid froths freely, but does not froth over, 
an«}^el 4 flene comes off rapidly. Gradually the bromine loses its 
cdbut; and finally a nearly colourless liquid is obtained which is 
ethylene bromide. The crude ethylene bromide is removed and 
purifiod as described under Method I. 

|ee Appmiix^ p- 37^* 
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Preparation 6. 

Auetaldeliyde, CHj.CO.H 

Liebig, Annaim, 1S35, 14 , 133; Staedeler, J. prakl, Chem, 1859, 
(I) 78 , 54 * 

2QO grams sodium dichromatc 
420 C.C. water. 

A mixture of 100 grams (125 c.c.) absolute alcohol and 
140 grams (75 c.c.) cone, sulphuric acid. 

100 c.c. methylated ether j which has been left to stand over 
solid caustic potash for a few hours, and then distilled from 
the water-bath. 

A round flask (ij litres) is provided with a double-bored cork. 
A bent tube, which passes through one hole, connects the flask 
with a condenser and receiver. A tap-funnel is inserted through 
the other hole. The flask is placed upon a sand-bath, and the 
receiver is cooled in ice. It is important that all the corks should 
be tight, as a small leak will considerably diminish the yield. The 
dichromate in small pieces and the 420 c.c. of water are placed in the 
flask and gently warmed. The flame is then removed, and the 
mixture of alcohol and sulphuric acid, which may be used warm, is 
slowly added from the tap-funnel. The flask is occasionally shaken. 
A considerable rise of temperature occurs and the liquid darkens, 
whilst aldehyde, with a little water and alcohol, distils. When the 
mixture has all been added, the flask is heated on the sand-bath 
until all the aldehyde has distilled (about 150 c.c. of liquid), which 
may be determined by removing the cork from the flask and 
noticing if the smell of aldehyde is still perceptible. The distillate 
is now redistilled on tlie water-bath in the apparatus shown in 
54 - 

The flask is attached to an upright condenser in which the 
water is kept at a temperature of 30 — 35®. Alcohol and aqueous 
vapour condense in the condenser; the aldehyde, on the other 
hand, passes by a tube attached to a 100 c.c. pipette into two 
narrow (too c.c.) cylinders, one-third filled with the dry ether, 
and cooled in ice-water. The aldehyde readily dissolves in the 
ether is rapidly absorbed. If the ethereal solution is now 
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saturated with dry ammonia gas, the whole of the aldeh3rde separ- 
ates out in the fomi of colourless crystals of aldehyde-ammonia. 



Fig. 54. 

CH3.CH.OH.NH2' The apparatus for preparing the dry ammonia 
IS shown in Fig. 55. The flask containing strong ammonia solu- 
tion is heated by a small flame, when 
the gas is readily evolved and passes 
up the tower, which is filled with 
soda-lime or quicklime. The ethereal 
solution is saturated with the gas, and 
is then allowed to stand for an hour. 

The ether is then decanted from the ^ 
crystals, which are drained at the 
filter-pump, washed w'ith a little ether, 
and finally dried in the air on filter- 
paper, Yield of aldehyde-ammonia, 
25 — 30 grams. It may be used for 
the reaction? described on p. 73. 

Pure aldehyde may be prepared from the, aldehyde-ammonia 
as Coliows : Tlie crystals are dissolved in an equal weight of water 



Fig, 55. 
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and distilled on the water-bath with a mixture of parts of 
concentrated sulphuric acid and 2 parts of water, the receiver 
being well cooled in ice. The temperature of the water-bath is 
gradually raised until the water begins to boil, and the distillation 
is then interrupted. The distillate is dehydrated over an equal 
bulk of calcium chloride, from which it is distilled in the water- 
bath, heated to 30®. The anhydrous aldehyde is kept in a well- 
stoppered bottle. 

3CjHj(OH) -f Na,Cr*0, -f 4H,SO, - 3C«H,0 -f Na,SO, 4- 

Acjetaldehyde. 

Cr,(SO,), + 7H,0 

C,H,0 + NH, = CH.CHOH.NH, 

Aldehyde ammonia. 

2CH»CH.0H.NH2 + H2SO4 2CH3.CO.H -f (NH4),S04. 

Properties . — Colourless liquid with a distinctive smell; b.p. 21®; 
sp. gr. 0*807 ) soluble in water, alcohol and ether. 

Reactions . — Acetaldehyde and many of the aliphatic aldehydes 
are characterised by the following reactions : — 

1. Prepare a little ammonio-silver nitrate by adding dilute 
ammonia drop by drop to silver nitrate solution until the pre- 
cipitate just dissolves. Add to a third of a test-tube full of the 
ammonia-silver nitrate solution about i c.c. of aldehyde, and 
place it in a beaker of hot water. A mirror of metallic silver is 
deposited. AggO + C2H4O = Ag2 + CgH^Og (acetic acid). 

2. To I c.c. of aldehyde add 2 — 3 times its volume of a cold 
saturated solution of sodium bisulphite and shake up. The additive 
compound, (TIjCH.OH.vSOgNa, crystallises out on standing. A 
crystal of the substance introduced into the liquid wdll hasten its 
formation. The bisulphite solution is prepared either by dis- 
solving sodium metabisulphite in water, or by passing sulphur 
dioxide into soda crystals covered with a layer of water. It 
forms an apple-green solution smelling strongly of sulphur dioxide. 
The sulphur dioxide is conveniently obtained from a bottle of the 
liquid which can be purchased, or by dropping concentrated 
sulphuric acid on to solid sodium sulphite. 

3. A solution of magenta decolourised by sulphur dioxide becomes 
violet on the addition of a drop of aldehyde (Schiff). Prepare a 
weak solution of magenta by dissolving a crystal in half a test- 
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tube of water md babbling in salphar dioxide untfl the colour 
disappears. Now add a few drops of aldehyde. 

4. To a dilute solution of sodium nitropmsside add a few drops 
of acetaldehyde and then a drop or two of piperidine. A deep 
blue solution results. 

5. Boil a few drops of aldehyde with 1 — 2 cx. of caustic potash 
solution. The liquid becomes yellow and a brown resinous precipi- 
tate is formed. 

6. Add a drop or two of concentrated sulphuric acid to i c.c. 
of aldehyde. The mixture becomes hot in consequence of the 
aldehyde undergoing polymerisation to paraldehyde 

b.p. 124®, which separates as an oil on adding water. See Appendix, 
P- 374. 


Methyl Alcohol. CH3.OH. 

Commercial methyl alcohol is obtained by purifying wood spirit. 

It often contains a httle acetone, which may be detected by the 
iodoform reaction (see p. 80). To remove acetone, chlorine is 
passed into the boiling liquid, which is contained in a round flask 
fitted with a reflux condenser and then distilled with a thermo- 
meter, Any trichloracetone which is formed (b.p. 170®) remains 
behind. But for ordinary purposes it may be purified by boiling 
it, using a reflux condenser, with 3 — ^4 per cent, of solid caustic 
potash on the water-bath, and then distilling. It is freed from 
water by standing for twenty-four hours in a flask one-third filled 
with freshly-burnt quicklime, and re-distilling from the water-bath, 
using a thermometer. 

Properties , — Colourless liquid; b.p. 66 — 67®; sp. gr. 0*796 at 
20 ®. 

Reaetions. — i. The same reaction may be carried out with ' 
p-nitrobenzoyl chloride as described under ethyl alcohol. {Re* 

2, p, 55.) The melting-point of the methyl ester is 96®. 

2; Methyl alcohol jnay be identified as follows : 0*25 gram of 
m^tnilic sodium is dissolved in 10 cx. of methyl alcohol, using a 
r^ux condenser. To this 1*5 grams of phthalic anhydride are 
added and boiled on the water-bath fca* | hour. This converts 
the anhydride into methyl sodium phthalate. If i gram of p-nitro* 
benzyl bromide is now added and 5 cx. qf wter, and the mixture 
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heated on the water-bath with reflux for an hour and then filtered 
hot from any undissolved substance, on cooling the ^-nitrobcnzyl 
methyl ester of phthalic acid crystallises in colourless needles and, 
when reciystallised from spirit, melts at io6 — 107®. 


C.H,<^g>0 + NaCX;H3= t:.H4<c8oNa’ 
+ NO,C,H,.CH,Br = 


f' H ^^COOCHj I 'M'aTl*. 


3, Methyl alcohol heated on the water-bath with an equivalent 
of phenylisocyanate gives the methyl ester of phenyl urethane, 
m.p, 47^; see Reaction 3 for ethyl alcohol (p. 55). 


Preparation 7. 

Methyl Iodide (lodomethane), CH3I. 

Dumas and Peligot, Atmahn, 1835, 15 , 20, 

18 grams methyl alcohol 
5 „ red phosphorus 
50 ,, iodine. 

Attach a flask (250 c.c.) to an upright condenser, and bring 
into it the methyl alcohol and red phosphorus. Add the iodine 
gradually by detaching the flask for a moment from the condenser. 
A considerable evolution of heat occurs. When the iodine has 
been added the flask is left attached to the condenser overnight, 
and the contents then distilled from the water-bath using a similar 
apparatus to that of Fig. 44, p. 59. The distillate is shaken 
with dilute caustic soda in a separating funnel, to remove iodine 
and hydriodic acid. If sufficient caustic soda has been used the 
lower layer of methyl iodide will be colourless. Separate the 
methyl iodide, add a few pieces of solid calcium chloride, and 
after standing until clear, distil from the water-bath with thermo- 
meter. Yield 45 grams. 

5CH3OH 4- P 5I == 5CH3I - 4 - HgPO, -f HgC). 

Methyl 

Properties, — Colourless, highly refractive liquid ; b.p. 45® ; 
sp. gr. 2*27 at 15®. 
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Return . — Shake a few drops of methyl iodide with an alcoholic 
solution of silver nitrate. A white precipitate of a compound of 
silver iodide and silver nitrate is deposited, which is decomposed 
and gives yellow silver iodide on adding water. See Appendix, 
p. 369. 


Butyl Alcohol, CH3.CH2.CH2.CH2OH 

Normal butyl alcohol is a product of the fermentation of starch, 
and is formed together with acetone by the action of the Bacillus 
orthohutylicus. B.p. 117°; sp.gr. 0*810 at 20*^. It gives a butyl 
ester of phenyl urethane, m.p. 60 — 61° (see Reaction 3, p. 55). 


Preparation 8. 

/{-Butyl Bromide. 

Kamm. Marvel, /, Amer. Chem. Soc , 1920, 42 , 299. 

45 grams (55 c.c.) w -butyl alcohol 

125 „ (85 c.c.) hydrobromic acid, 47 per cent., sp. gr. 1*49 

(see p. 362) 

55 V (3^ c.c.) cone, sulphuric acid. 

The hydrobromic acid is placed in a distilling flask (250 c.c.), 
the side-tube of which is stopped. The butyl alcohol is then 
poured in and the sulphuric acid gradually added. The mixture is 
now boiled with a reflux condenser on the sand-bath for 2 hours. 
An oily layer forms at the surface of the liquid. The condenser 
is then reversed and the mixture distilled in the ordinary way 
over wire-gauze and the butyl bromide collected under water. 
When no more oily liquid distils, the bromide is separated from 
the water, washed with water, then with 10 c.(\ cone, sulphuric 
acid and again with water, and finally with a solution of sodium 
carbonate until no longer acid. It is dehydrated over calcium 
chloride and distilled. The distillate is collected at 99 — 101°. 
The yield is 75 — 80 grams. 

C^HjOH 4- HBr - C^H^Br + H, 0 . 

Butyl bromidiC. 


See Appendix, p. 376. 
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Preparation 9. 

n-Bufyl Cyanide (Valeronitrile), C4H9,CN. 

Lieben, Rossi, Annalen, 1871, 158> 171 ; Adams, Marvel, /. Amer, 
Chem. Soc., 1920, 42, 310. 

50 grams sodium cyanide in 35 c.c. water 
125 c.c. purified spirit 

7 5 grams w-butyl bromide. 

Mix together the sodium cyanide, spirit and butyl bromide in 
a half litre round flask and digest the mixture on a water-bath 
w ith reflux condenser for 24 hours. When cool the sodium bromide 
is removed by filtration and the liquid is fractionated, using a 
column (see p. 152). The fraction which distils up to 85® is mainly 
alcohol and water. The following fraction is collected between 
85® and 140®. On the addition of solid calcium chloride it separates 
into two layers, the upper layer consisting of w-butyl cyanide. 
It is dehydrated with solid calcium chloride and re-distilled. The 
pure butyl cyanide is collected at 138 — 140®. The yield is about 
50 grams. 

CJV^r NaCN ^ CJl^.CN -f- Nalir. 

Properties , — Colourless liquid; b.p. 140®; sp. gr. of 0*8164 at o®. 


Preparation 10. 

«- Valeric Acid, C4I4.COOH. 

Liel>en, Rossi, Annalen , 1871, 159 , 58 ’; Adams, Marvel, /. Amer, 
Chem. Soc., 1920, 42, 310 

50 grams sodium cyanide in 35 c.c. water 
125 c.c. purified spirit 
75 grams ;/-butyI bromide. 

The mixture is treated as in the previous experiment and, after 
filtering from the sodium bromide, the filtrate is digested lor 
24 hours under a reflux condenser wdth 43 grams of caustic soda 
dissolved in about an equal w*eight of water. As much ot the 
alcohol as possible is then distilled off from the water-bath, and 
the residue transferred to a basin and heated on the water-bath 
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for several hours to remove the remainder of the alcohol. The 
residue is dissolved in the smallest quantity of water, transferred 
to a flask, and acidified with 6o per cent, sulphuric acid, using 
Congo-red paper. A layer of valeric acid separates, which is 
extracted with ether, dehydrated over anhydrous sodium sulphate 
and distilled with a column. The distillate is collected between 
i8o° and i86®. It is redistilled and collected at i8o — i8i°. The 
yield is about 45 grams. 

C^H^Br 4- NaCN = C^H^CN 4 * NaBr. 

Butyl cyanide. 

C^HjCN 4- NaOH + HjO == CJi^COONa + NHg. 

S«iuim valerate. 

Properties , — ^Colourless liquid; b.p. 18 1®; sp. gr. 0*956 at o®. 
See Appendix, p. 376. 


Preparation ii. 
w-Ethyl Valerate, C4H9.COOC2IT5. 

Lieben Rossi, Annalen, 1873, 166, 117; Adams, Marvel, /. Amer. 

Chem. Soc., 1920, 42, 310. 

52 grams w-butyl cyanide 
125 „ (68 c.c.) cone, sulphuric acid 

64 ,, (80 , ) absolute alcohol 

64 ,, (80 „*) spirit (64 o.p.). 

The sulphuric acid is slowly added to a well-cooled mixture of 
the absolute alcohol and spirit, and then the butyl cyanide intro- 
duced. The mixture is heated on the sand-bath with a reflux 

condenser for 8 hours, cooled and poured into ice and water so as 
to dissolve the ammonium sulphate. 

The upper layer of ester is separated, dehydrated with calcium 
chloride and distilled with a fractionating column (see p. 152). 
The portion distilling at 143 — 148"^ is collected, and is nearly pure 
ester. Yield 65 gramfe. 

-{- 2H2O 4 jCgHjOH = 4 

4- H,SO,. 

Properties, — Sweet-smelling, colourless liquid; b.p. 144 — 145^# 
Spngr. 0*894 at o®. See Appendix, p. 376. 
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Amyl Alcohol, 

Commercial amyl alcohol is contained in fusel oil from fermen- 
tation and consists mainly of isobutyl carbinol together with 
about 13 per cent, of secondary butyl carbinol, which renders the 
liquid optically active. It turns the plane of polarisation to the 
left (see p, 401). 

^j^ 8 >CH.CH,.CH,OH >CH CHpH 

iaobutyl carbinol. SccotKlary butyl carbinol. 

Properties, — Colourless, highly refractive liquid with a burning 
taste and penetrating smell; b.p. 131 — 132°, sp. gr. 0*8113 
dissolves in 39 parts of water at 16*5'', It gives an isoamylurethane 
with phenyl isocyanate, m.p. 52 — 53^^ (see Reaction 3, p. 55), 


Preparation 12. 

Amyl Nitrite, C^HjiO.NO 

Balard, Guthrie, Quart. Jour. Chem. Soc., 1858, 11 , 245; Rennard, 
Jahresb., 1874, p, 352. 

30 grams (37 c.c.) amyl alcohol 

30 „ sodium nitrite (finely powdered) 

18 „ (10 c.c.) cone, sulphuric acid. 

The amyl alcohol and sodium nitrite are mixed in a flask (500 c.c.), 
and whilst the mixture is cooled in ice- water, the cone, sulphuric 
acid is added drop by drop from a funnel with constant shaking. 
Towards the end of the process a more vigorous reaction sets in^ 
when care must be taken to add the sulphuric acid more slow’Iy. 
When the whole of the acid has been added, the top layer of amyl 
nitrite is decanted into a separating-funnel. A little water is 
then added to the residue and, after shaking, a further quantity of 
amyl nitrite separates and is decanted as before. The whole of 
the amyl nitrite is then separated from water, dehydrated over 
caldum chloride, decanted and distilled. The liquid boiling at 
95 — 100® is collected separately. Yield, 30 — 35 grams. 

4. NaNOg 4- H,SOg = CgH„O.NO + NaHSO* + HgO. 

Amyl nitrite. 
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Properties. — Yellow-green liquid with a peculiar penetrating and 
sweet smelly which, on inhaling, causes a rush of blood to the 
head; b.p. 96°; sp.gr. o'902. See Appendix, p. 377. 

Acetone (Dimethyl ketone), CHg.CO.CHg. 

Commercial acetone is obtained from the products of the distil- 
lation of wood. To purify it, it is shaken with a saturated solution 
of sodium bisulphite (see Reaction 2, p. 73). The crystalline 
mass, CgHgONaHSOa, is filtered and well drained and then dis- 
tilled with sodium carbonate solution. The distillate is dehydrated 
over solid calcium chloride and finally distilled. 

Properties , — Colourless liquid with a pleasant colour ; b.p. 56*3® ; 
sp. gr, 0*792 at 15®; soluble in water. 

Reactions, — i. Acetone gives the iodoform reaction like ethyl 
alcohol (p. 54). 2. Dissolve a few crystals of />-bromophenyl- 

hydrazine or />-nitrophenylhydrazine in a few drops of glacial 
acetic acid, dilute with about i c.c. of water and add a drop of 
acetone. The bromo- or nitro-phenylhydrazone of acetone separate 
as crystalline precipitates. 


Preparation 13. 

Chloroform (Trichloromcthane), CHClg. 

Liebig, Pogg. Ann., 1831, 23 , 444; Dumas, Ann, C/nw, Phys., 1834, 
56 * 115. 

200 grams bleaching powder (fresh) 

800 c.c. water 
40 grams {50 c.c.) acetone. 

A large round flask (4 litres) is fitted with a cork, through which 
a bent tube passes connecting the flask with a long condenser and 
receiver. The flask 4 s placed upon a large sand-bath. Grind 
the bleaching powder into a paste with 400 c.c. of water and rinse 
it into the flask with the remaining 400 c.c. Add the acetone and 
attach the flask to the condenser. Heat cautiously until the re- 
action sets in, which is indicated by the frothing of the liquid. 



CHLOROFORM 8i 

Remove the flame for a time, and when the reaction has moder- 
ated, boil the contents until no more chloroform distils. This is 
easily determined by collecting the distillate in a test-tube and 
observing if any drops of heavy liquid are present. The distillate 
is shaken with dilute caustic soda solution in a separating funnel 
and the lower layer of chloroform run into a distilling flask. A few 
pieces of solid calcium chloride are added and left until the liquid 
is clear, when it is distilled from the water-bath with a thermometer 
inserted into the neck of the flask. Yield about 40 grams. 

The bleaching powder acts as though it consisted of a com- 
pound of calcium hydrate and chlorine, and the process probably 
occurs in two stages. 

1. CH3.CO.CH3 + 3CI2 r. CH3.CO.CCl3 -f- 3HCI. 

Trichloracetone , 

2. 2CH3,CO.Caj + ta(OH)j = (CH,.COO)jCa + 2CHa,. 

C hloroform. 

Trichloracetone is first formed, which is then decomposed by 
the lime into calcium acetate and chloroform. 

Properties . — Colourless liquid possessing a sweet smell, b.p. 60 — 
62^; sp, gr. 1*498 at 15°; very slightly soluble in water; non- 
inflammable. As chloroform slowly decomposes in presence of 
*air and sunlight into phosgene, it is usual to add a little alcohol 
to the commercial product, which arrests the change. Pure 
chloroform is neutral to litmus, has no action on silver nitrate 
solution and does not discolour concentrated sulphuric acid when 
shaken with it for an hour or left for a day. 

Reactions. — i. Heat a few drops with double its volume of 
methyl alcoholic potash. On the addition of water a clear solution 
is obtained. Potassium formate and chloride are formed. 

CHCI3 4- 4KOH = 3KCI 4- HCO.OK 4- 2H30. 

2. Bring into a test-tube two drops of chloroform, one drop of 
aniline and i c.c. of alcoholic potash and warm in the fume cup^ 
hoard. Note the intolerable smell of phenyl carbamine (carbamine 
reaction), Cnajj-f 3KOn = CpHgNC + 3K:Ci-f 

Wash out the contents of the test-tube in the fume cupboard. 


Cohen's p. 0. c. 


o 
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Preparation 14. 

CH, 

Aoetoxime, C:NOH 

V. Meyer, Fanin, Ber,, 1882, 16 , 1324; Organic Syntheses, VoL HI., 
p. 61. 

5 grains hydroxylamine hydrochloride in 10 c.c. water 

3 ,, caustic soda in 10 c.c. water 

6 „ (7*6 c.c.) pure acetone. 

Add the acetone slowly to the n^ixture of the hydroxylamine 
hydrochloride and caustic soda in a small flask and shake well. 
The flask is then corked and left for twenty-four hours, during 
which the crystalline oxime separates. The process may, how- 
ever, be completed in a much shorter time by placing the flask 
in a freezing mixture. The presence of any free hydroxylamine 
is then tested in a few drops of the licjuid with Fehling’s solution, 
or by merely adding a drop or two of c opper sulphate, then a 
sufficient quantity of caustic soda to produce a clear blue solution 
and warming. An orange-red precipitate of cuprous oxide indi- 
cates uncombined hydroxylamine. If no free hydroxylamine is 
present, the liquid is shaken up with an equal volume of ether, 
in which the acetoxime dissolves. The ethereal solution is separ- 
ated and the process repeated twice with fresh ether. The united 
ethereal extract is filtered, if necessary, through a dry filter into a 
distilling flask. The greater part of the ether is distilled off on 
the water-bath. The remaining liquid is poured into a glass basin 
and the rest of the ether left to evaporate in the air, the last traces 
being removed by heating for a few minutes on the water-bath. 
The acetoxime separates out on cooling in colourless needles. 
It is dried on a porous glate and recrystallised from a little petroleum 
spirit, m.p. 61 — 62®. Yield, 4 — 5 grams. 

CH3.CO.CH3 4- NH3OH.HCI -f NaOH 

= CHj.CrNOH.CHs -f NaCl -h 2H3O. 

Actoxime. 

Pf^erties . — Colourless needles; m.p. 60®. 
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Reaction , — Boil a small quantity for a few minutes with dilute 
hydrochloric acid, and test with Fehling’s solution. The oxime 
is decomposed into acetone and hydroxylamine, 

CH8.C(NOH).CHs -f- = CHj.CO.CHa NPI^OH. 

Melting-point Determination. — For this purpose the following 
apparatus is used (Fig. 56). A small sample of finely powdered 
substance, which has been carefully dried, is introduced into a 
capillary tube of about i mm. inside diameter sealed at one end. 
The tube is made from soft thin-walled glass tubing, about 15 mm. 
difjmeter, by rotating it in the blow-pipe flame until the glass 
softens, and then quickly drawing it out. 

7he long capillary is then broken into lengths 
of about 7 cm. (2J in.) by scratching across 
with a writing diamond, and each short tube 
is scaled at one end. To introduce the sub- 
stance, it is convenient to scoop up the finely 
powdered material off a watch glass with the 
open end. By tapping the closed end on the 
bench, the powder is shaken down. The 
quantity introduced should occupy a length of 
► about 2 — 3 mm. when tightly packed. The 
tube is attached to a thermometer (preferably 
with a very small bulb) so that the substance 
is level with the bulb. The attachment may 
be made by a narrow rubber ring or by sim- 
ply moistening the side of the capillary with Fig. 56. 

the thermometer bulb, which has been dipped 
in the liquid in the bath, and then pressing it against the ther- 
mometer stem. The thermometer passes through a cork inserted 
into a round flask with a long neck, the bulb of which is three- 
quarters filled with concentrated sulphuric acid, glycerol, or castor 
oil. The flask is clamped to a retort stand and is heated very 
gradually by a small flame. Instead of clamping the flask to a 
retort stand, it can be fixed in a small brass tripod, shown in Fig- 
56, which fits on to an ordinary laboratory tripod and from which 
it can be removed when not required.^ When a certain tem- 

^ The apparatus (bulb tube and stand) can be purchased from 
Mr, J . Watkinson, Electrical Engineering Department, The University, 
Leeds. 
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perature is reached, the substance, if pure, melts suddenly within 
one or two degrees. When approaching the melting-point, it is 
desirable to remove the flame or turn it very low so that the rise 
of temperature is very gradual. If the liquefaction is protracted, 
it is an indication that the substance is not pure. The melting- 
point, obtained in this way, to be quite accurate, must be cor- 
rected for the temperature of the thread of mercury outside the 
liquid, the same formula being used as in the correction for the 
boiling-point (s^e p, 63). When the acid becomes discoloured, a 
crystal of potassium nitrate wdll remove the colour on warming. 


Preparation 15. 

Mesityl oxide, (CH3)2C:CH.CO.Cn3. 

Phorone, (CH3)3C:CH.CO.CH:C{CH3)2. 

Claisen, Annalen, 1875, 180 , i; Organic Syntheses, Vol, 1 ., p. 53. 

250 c.c. acetone. 

Two hundred and fifty c.c. of acetone are dehydrated by stand- 
ing overnight with calcium chloride and then distilled. The 
acetone is poured into a bottle (i litre) provided with a double 
bored cork. Through one hole a delivery tube passes to the 
bottom of the vessel and through the other a calcium chloride 
tube is inserted. The acetone, cooled in a freezing mixture, is 
saturated with hydrogen chloride, which is evolved by dropping 
cone, sulphuric acid from a tap-funnel on to cone, hydrochloric 
Jicid (see p. 362). With a rapid stream the process may take two 
to three hours, and the increase in weight is about 60 per cent. 
After saturation, th^ bottle is left in ice or ice-water lor twenty- 
four hours, and then at the ordinary temperature lor two days. 
The dark-coloured liquid is now poured on to about 300 grams 
of crushed ice and well stirred. The upper layer, which contains 
the mesityl oxide, is separated and shaken with a strong solution 
of caustic soda until faintly yellow. Thus purified it is distilled 
in steam with the addition of a little strong caustic soda solution 
to de^<:ompose any hydrochloride of mesityl oxide which may 
remain. The distillate is separated, dehydrated over calcium 
chloride, and finally fractionated with a column, first on the water- 
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bath and then over the flame. A small quantity distils below 
65*, consisting mainly of unchanged acetone; the temperature 
then rises and the portions boiling at 129 — 137° and 180 — 200® 
are collected separately. The lower boiling fraction is re-fraction- 
ated between 129® and 131® and consists of mesityl oxide. Phorone, 
which constitutes the higher boiling portion, boils at 190 — 191®. 
Tlie yield is about 100 grams of mesityl oxide. 


CH, 

>CO -h CH3.CO.CH3 


CH, 


>C:CH.C0.CH3 -f H 2 O 
CH3 “ “ CH. 

Mesityl oxide. 

(CH3)jC:CH.CO.CHj + CO(Cn3)j = (C11 ,)sC:CH.CO.CH;C(CH 3)3 . + HjO 

Phorone. 


Properties, — Mesityl oxide, colourless liquid, smelling strongly 
of peppermint, b.p. 130'' ; sp. gr. 0*848 at 23°. It gives the usual 
reartion for ketones. Phorone, long yellowish-green crystals, m.p. 
28*^; b.p. 190 — 191°. See Appendix, p. 377. 


Preparation 16. 

Diacetonamine, (CH3)2.('(NH2).ni2.CO.CH3. 

Heintz, AnnaUn, 1877, 189 , 214 
42 grams (50 c.c.) mesityl oxide. 

The mesityl oxide is dissolved in twice its volume of spirit 
(64 o.p.), cooled in a freezing mixture to — 10°, and dry ammonia 
is passed into the solution until saturated. The solution is allowed 
to stand for two days. The base is separated as the acid oxalate, 
Cy J^3NO.C2n204 -f HgO. Thirty grams of po\\dercd oxalic acid 
are mixed with 120 c.c. of spirit (64 o.p.) in a beaker placed in 
ice. The ammoniacal solution is gradually added so that the tem- 
perature does not rise above 20*^. and stirred vigorously until the 
pasty mass is neutral. To the resulting mixture, which is nearly 
solid, a further 30 grams of powdered oxalic acid are added and 
stirred until the mixture can he poured out. Pour it into a tin 
vessel fitted with reflux condenser and boil for fifteen minutes to 
complete the reaction. The product is filtered hot and the solution 
cooled slowly to o®. The diacetonamine oxalate separates in 
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crusts, which are filtered. The 3deld from 50 c.c. of mesityl oxide 
is about 50 grams of diacetonamine oxalate.^ 

The base may be separated from the oxalate by adding alkali in 
excess and extracting with ether. On distilling the ether the 
diacetonamine remains as liquid. 

(CH,)aC:CH.CO.CH3 NH# == (CH3)3C(NH3).CH3.CO.CH8. 

niacetonamme. 

Properties . — ^An ammoniacal smelling liquid, specifically lighter 
than water, in which it is only slightly soluble. It decomposes 
into mesityloxide and ammonia on distillation. See Appendix^ 
p- 378- 


Acetic Acid, CHg.CO.OH. 

Commercial acetic acid is manufactured from pyroligneous acid 
obtained in the destructive distillation of wood. The latter is 
neutralised with lime, and separated by distillation from wood- 
spirit and acetone. The crude calcium acetate, which has a dark 
colour, is then distilled with the requisite quantity of concentrated 
hydrochloric acid. Anhydrous or glacial acetic acid is obtained by 
distilling fused sodium acetate with concentrated sulphuric acid. 

Properties , — Colourless liquid with pungent smell; b. p. 119°; 
m.p. i 6'7° ; sp, gr. 1*055 at 15®. It should not decolourise a solution 
of permanganate. The vapour of the boiling acid is inflammable. 

Reactions . — Add a few drops of alcohol to the same quantity of 
acetic ^cid, and an equal volume of concentrated sulphuric acid. 
Warm gently and notice the fruity smell of ethyl acetate. Neutralise 

few drops of acetic acid by adding excess of ammonia and boiling 
until neutral. Let cool and add a drop of ferric chloride. The red 
colour of ferric acetate is produced. On boiling, basic ferric 
acetate is precipitated. 

Heat a very small quantity of potassium acetate with an equal 
bulk of arsenious oxide. The disagreeable and poisonous vapour of 
cacodyl oxide is evolved. 

4CH3.COQK 4- AsgOs == Ab3(CH3),Q 4 2CQ.^ -f 2K3CQ3 

^ Diacetotiaminc can also be prepared directly by the action of 
ammonia on acetone. 



ACETYL CHI^ORIDE 




Preparation 17. 

Acetyl Cbloride, CH3.CO.Cl. 

^ Gerhardt, Ann. Chim. Phys,, 1853, (3), 37 , 285; B^hamp, Compi. 
rend. 1855, 40 , 944, aiid 1856, 42 , 224. 

50 grams glacial acetic acid 
40 5, phosphorus trichloride. 

Fit up the apparatus shown in Fig. 57. It consists of a distilling 
flask (250 C.C.), which is attached to a condenser. A small filter 
flask serves as receiver, the side-tube being attached to a calcium 
chloride tube. The distilling vessel is provided with a cork, 



through which a tap-funnel is inserted. The flask Ls cooled in 
cold water in the water-bath (outlined in Fig, 57), whilst the 
phosphorus trichloride is slowly run in from the tap-funnel.* 
When the phosphorus chloride has been Udded, the water in the 
water-bath is warmed to 40 — 50°, until the evolution of hydro- 
chloric acid gas, which at first is very rapid, begins to abate. The 
water-bath is then heated to boiling until nothing further distils. 
The distillate is now redistilled as before, but wu'th a thermometer, 
and the distillate collected at the boiling-point of acetyl chloride 
(S3— 56°)- Yield 45 grams. 

sCHj.COOH 4- 2PCI, = 3CH,.C0CI + PjO, + 3HCI. 

Acetyl chloride. 

Properties . — Colourless liquid with a pungent smell; it fumes 
in contact with moist air; b.p. 55“; sp. gr. 1-105 at 20^', 
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Reactions. — i. Add a few drof>s of acetyl chloride to about 
5 c.c. of water in a test-tube. The acetyl chloride sinks to the 
bottom of the test-tube, but on shaking rapidly dissolves, and 
heat is evolved. The acetyl chloride is converted into acetic acid 
and hydrochloric acid. 

CH3.COCI -f HjO =: CH3.CO.OH + HCl. 

2. To about I c.c. of ethyl alcohol in a test-tube, add 1 c.c. of 
acetyl chloride drop by drop, cooling under the tap. Then add 
about I c.c. of a solution of common salt. Ethyl acetate, recog- 
nised by its fragrant smell, separates out on the surface of the 
liquid. 

CH3 COCl -f- C3H3OH = CHg.CO.OCjjHg + HCl. 

3. Add two drops of acetyl chloride to a drop of aniline. A 
vigorous action occurs, and a solid separates. This is acetanilide, 
and may be obtained in larger crystals by dissolving in boiling 
water and cooling slowly. 

CH3.COCI -f = C3HjNH.CO.CH, + HCl. 

See Appendix, p. 378. 


Preparation 18. 

riT ro 

Aeetie Anhydride (Diacetyl Oxide), 

Gerhardt, Ann. Chtni. Phys , 1853, {3), 37, 31 1 

55 grams sodium acetate (fused) 

40 „ acetyl chloride. 

A retort (250 c.c.) is attached to a short condenser and receiver, 
which is furnished, as in the previous preparation, with a calcium 
chloride tube. The tubulus of the retort is closed by a cork, 
through which a tap-funnel is fixed. The fused sodium acetate is 
prepared by fusing crystallbed sodium acetate, (CHg.COONa -f- 
3H2O). The sodium acetate (100 grams) is placed in a shallow 
tin, heated over a Bunsen burner and stirred. It first melts in the 
wat^r of crystallisation, after w^hich it becomes solid, and finally 
melts %ain as the temperature rises. When completely melted it is 
alloiyed to cool, powdered, and introduced into the retort. The 
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acetyl chloride is gradually added through the tap-funnel, the 
retort being cooled in water.* When the acetyl chloride has been 
added, the contents of the retort are well stirred by means of a 
thick glass rod pushed through the tubulus. The retort is now 
closed by an ordinary cork or stopper, and heated over a small 
flame, which should be moved about to prevent the retort crack- 
ing. When nothing further distils, the retort is allowed to cool 
somewhat, and the distillate poured back and redistilled. Finally 
it is distilled from a distilling flask with a thermometer, and collected 
at 130 — 140®. Yield 40 grams. 

CHg.COCl 4- CHg.CO.ONa -- (CFi^.CO)fi -f NaCl. 

Properties , — Colourless liquid with an irritating smell ; b.p. 138"^; 
sp. gr. 1*08 at if. 

Reactions . — Repeat the three experiments described under acetyl 
chloride. The result is the same in each case; but as the acetic 
anhydride reacts less readily than acetyl chloride, the mixture 
reejuires to be warmed. 

1. + HjO - .>CH3C00H. 

2. ■= + CH3.COOH. 

3 . ch;'co>^^ ■+ =- r^HjNH.CO.CH, + CHj.COOH. 

In Reaction 2, combination is not complete, even on boiling, 
and a little dilute caustic soda must be added to decompose the 
unchanged acetic anhydride. In Reaction 3, the product remains 
liquid until water is added, when it becomes solid, and on heating 
dissolves. See Appendix^ P-379* 


Preparation 19. 

Acetamide, CHg.CO.NHg. 

Hofmann, Ber., 1882, 16 , 981; Noyes and Goebel, /. Amer. Chem, 
Soc., J922, 44 , 2286; Organic Syntheses, Vol. II., p. 3. 

100 grams ammonium acetate. 

Acetamide may be obtained by boiling 100 grams of ammonium 
acetate with 120 grams of glacial acetic acid for 5—6 hours with 
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reflux condenser and then distilling the product in the ordinary 
way. A considerable quantity of water and acetic acid first distils. 
When the temperature reaches iBo® the apparatus shown in Fig. 58 
is used in which the condenser is replaced by a straight wide 
tube. The distillate solidifies^ and consists mainly of acetamide. 
The yield is about 60 grams. A better result is obtained by first 
heating the ammonium acetate in sealed tubes. The ammonium 
acetate, if not procurable, may be prepared by adding to 70 grams 
glacial acetic acid, warmed in a basin on the water-bath, about 



Fig. 58. 

80 grams powdered ammonium carbonate until the acid is neutral- 
ised, which IS recognised by diluting a sample with a little water, 
and testing with litmus. 

Heating under Pressure. — ^Two tubes are made from the usual 
thick-walled tubing by sealing one end (see p. 24). These are 
gently warmed, and the melted acetate is poured in until they are 
about half full. They are then sealed in the manner described 
on p. 25. The tubes are then placed in a tube furnace (p. 25) 
and gradually heated to 200*^, at which temperature they are 
maintained for 5 — 6 hours. Without removing the tubes from the 
furnace they are allowed to cool, and the capillary end is opeijied by^ 
holding a Bunsen burner to the tip until fused, when the pressure 
withui perforates the glass. If a deep file scratch is then made 

a t an inch below thb sealed end and the end of a red-hot glass 
leld against the scratch, a deep crack is produced and the end 
f removed. After heating, the tubes contain a clear, oily- 
looking liquid^ which consists of an aqueous solution of acetamide, 
tc^ther with some unchanged acetate. The contents are poured 
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into a distilling flask and distilled with a straight tube as con- 
denser, and the portion boiling alcove 180® is collected in a small 
beaker. This distillate, on standing, almost completely solidifies 
to a colourless crystalline mass. It is freed from mother-liquor 
by spreading on a porous plate, and purified by a second distilla- 
tion. The acetamide has then a nearly constant boiling-point. 
Yield, about 40 grams. 

CHa.CO.ONH^ === CH3,CONH2 4- HgO. 

Acetamide. 

Properties. — Colourless, rhombohedral crystals, having a peculiar 
smell of mice. This is due to impurity, which may be removed 
by recrystallising from benzene; m.p. 82°; b.p. 222“^; easily 
soluble in water and alcohol. 

Reaction . — Boil a small quantity of acetamide with caustic 
soda solution. Ammonia is evolved, and sodium acetate is found 
in solution, + NaOH ==- CH3.CO.ONa + NH3. See 

Appendix^ p. 380. 


Preparation 20 

Acetonitrile (Methyl cyanide), ('II3.CN. 

Dumas, Malaguti and Leblanc, Annalen, 1848, 64 , 332. 

10 grams acetamide 

15 ,, phosphorus pen toxide. 

The phosphorus pentoxide is introduced into a small distilling 
flask (200 c.c.) attached to a short condenser. As the pentoxide 
absorbs moisture rapidly and becomes sticky, it is convenient to 
push the neck of the distilling flask through a cork which fits the 
phosphorus pentoxide bottle, and then to shake in the oxide until 
the required weight is obtained. The powdered acetamide is 
immediately introduced and shaken up, and the mixture distilled 
over a small flame, which is constantly moved about. Add to the 
distillate about half its volume of water, and then solid potassium 
carbonate, until no more dissolves. The upper layer of liquid, 
which consists of methyl cyanide, is separated and distilled over a 
little fresh phosphorus pentoxide with thermometer. Yield, about 
5 grams. 

CH,.CO.NHa - Hp = CH3CN. 
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liquid with peculiar smell ; b,p. 

Reaction , — Boil a few grams of the acetonitrile with three times 
its weight of a mixture of 2 vols. water and 3 vols. concentrated 
sulphuric acid for an hour with a long upright tube or air-condenser. 
Distil a few cx. of liquid, and test the distillate for acetic acid 
2CH3XN + HjjS04 + 4H2O = 2CH3.COOH + (NEJ^-SO^. See 
Appendix, p* 381, 


Preparation 21. 

Methyl Acetyl Urea, Cll3NH.CO.NH.CO.CH3. 

Hofmann Ber , 1881, 17 , 2725. 

50 grams acetamide 

67’5 (22*5 c.c.) bromine. 

The acetamide and bromine are mixed together in a i litre flask 
and shaken, when a homogeneous red liquid is obtained. A 10 
per cent, solution of caustic soda is gradually added in small 
quantities at a time until the red colour almost disappears. On 
warming gently on the water-bath, the red colour reappears, 
but is removed by a further addition of caustic soda. By 
alternately warming and adding caustic soda, the colour is per- 
manently discharged. If effervescence occurs on warming, the 
flask must be promptly immersed in cold water. The solution 
(about 600-700 c.c.) is poured into a basin or beaker and left for 
a day or two in a cool place (in warm weather in an ice-chest). 
Large, colourless, prismatic crystals of methyl acetyl urea separate. 
They are filtered and the mother-liquor is evaporated to dryness 
on the water-bath and the dry residue extracted on the water-bath 
with about 200 c.c. benzene in a flask with reflux condenser. When 
the benzene has been removed first by distillation and then by 
heating the residue in an open vessel, a further quantity of the 
substance is obtained. The combined material is then re- 
crVstallised from boijing water. Yield 25 grams; m.p. 179—180°. 

.CHa CO.NHj -f Brj NaOH == CHg CO.NHBr 4 NaBr 4 

Acetiaonobromamide . 

CH,.CO.NHBr + NaOH -- CH,N;CO + NaBr + H,0 
Methyl isocyanhte. 

CHaN.CO + CHj.CO.NH, = CHj.NH.CO.NH.CO.CH,. 

Methyl acetyl urea. 
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Properties , acetyl urea is decomposed on boiling with 
alkalis, giving methylamine, ammonia and acetic acid, 
CHa.NH.CO.NHXOCHg + 2H,0 = CHjNH* + NH, -f CH 3 .COOH. 
See Appendix^ p. 383, 


Preparation 22. 

Methylamine Hydrochloride, ( H3.NH2.HCl. 

(Method I.) 

Wurtz, Compt, fend , 1848, 28 , 223; Hofmann, Her,, 1882, 14 , 2725, 
and Be^. 1883, 15 , 407 and 762. 

20 grams acetamide 
54 ,, (18 c.c.) bromine 

56 ,, caustic potash. 

The dry acetamide and bromine are mixed in a flask (J litre), 
and whilst the mixture is cooled in water, a 10 per cent, solution 
of caustic potash (about 20 grams KOH) is added, until the dark- 
brown liquid changes to a deep yellow colour. The solution, which 
now contains potassium bromide and acetmonobromamide, is 
slowly added from a tap-funnel inserted, together with a thermo- 
jneter, into the neck of a distilling flask (i litre). The flask con- 
tains a concentrated solution of caustic potash (56 grams in 100 c.c. 
of water), heated to 60 — 70®. Heat is evolved, and care must be 
taken that the rise of temperature does not greatly exceed the above 
limits. The reaction goes on quietly, and the yellow solution is 
gradually decolourised. The mixture is then digested for a short 
time at the above temperature until the yellow colour completely 
disappears. A few bits of broken pot are now introduced into the 
flask, which is closed with an ordinary cork, and the liquid distilled 
over wire-gauze. The vapours of methylamine and ammonia, 
which are cooled, are passed by means of a bent adapter, attached 
to the end of the condenser, into dilute hydrochloric acid contained 
in the receiver. Care must be taken that the adapter does not 
dip too far into the acid, or liquid may be sucked back into the 
condenser and distilling flask. When the distillate is no longer 
alkaline, and consequently all the methylamine has been driven 
over, the hydrochloric acid solution is evaporated to dryness oii 
the wat6r-bath, and the colourless crystalline residue extracted 
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repeatedly with small quantities of absolute alcohol, which dissolves 
out the methylamine salt from the ammonium chloride. From 
the hot alcoholic solution foliated crystals separate out on cooling. 

CHj.CONHjj -f Bra + = CHj.CONHBr + KBr -f Hfi 

Acetaimde. Acctmonobromaiiucle. 

CHa.CONHBr + KOH = CH3.N:CO + KBr -f HjO 

Methyl isocyanate. 

CHj.NiCrO -f 2KOH = CHj.NHa -f KaCO,. 

Methylamine. 

(Method II.) 

Brochet, Cambier, Contpt. rend., 1805 120 . 440, 557: E. A. Werner, 
Trans. Chetn. Soc., 1917, 111 , 844; Organic Sy^itheses, Vol. III. p. 67. 

125 grams ammonium chloride 

250 c.c. formaldehyde (40 per cent, solution). 

The ammonium chloride and formaldehyde are mixed together 
in a I litre distilling flask attached to a long condenser and the 
mixture is gradually heated to 104® (the thermometer being im- 
mersed in #1 liquid) and the temperature maintained until no 
more liquid distils (4 — 5 hours). The main product in the flask is 
methylamine hydrochloride, together with small quantities of 
diethylamine and triethylamine hydrochlorides. It is allowed to 
cool, when ammonium chloride separates and is filtered with the 
pump. The filtrate is concentrated by evaporation in a basin 
to about half the volume, when more ammonium chloride separates. 
After filtration the liquid is further evaporated until crystals appear. 
On cooling, methylamine hydrochloride (about 35 grams) crystallises 
and is filtered. A second crop (i 5 — 20 grams) is obtained by further 
evaporation of the mother-liquors. The final filtrate is concen- 
trated as far as possible by evaporation and left in a vacuum desic- 
cator over solid caustic soda for 24 hours. The semi-solid residue 
is digested with chloroform, which dissolves the dimethylamine 
hydrochloride. The solution is filtered and the insoluble methyl- 
amine hydrochloride washed with a little chloroform (8 — 10 c.c.). 
The total yield of methylamine hydrochloride is about 55 grams. 

1. HCHO + NH.CI — HCH<°.g (HCl) — >-CH,;NH(HCI) + H, 0 . 

* Methylene irame hydrochlonde, 

2 . CH,:NH{Ha) + HCHO + H,0 =. CH,NH,.Ha + HCOOH. 

Mcthylaonm hydrochloride. 
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With rise of temperature, the following reactions occur, yielding 
dimethylamine hydrochloride : — 

3. HCHO + NHaCHg^HCl === CH2:N(CH,)HC1 4 H^O. 

4 CHgiNCCHajHCi -f HCHO + Ufi = (CHjlgNH.HCl -f HCOOH. 

Properties . — Large deliquescent tablets, which melt at 227°, 
and sublime above that temperature, with slight decomposition. 
The base is liberated on warming with caustic soda, as an inflam- 
mable gas with strong ammoniacal smell. See Appendix, p. 383. 

Preparation 23. 

Dimethylamine Hydrochloride, (CH3)2Nn.HCl. 

Knudsen, Ber., 1914, 47, 2694; E. A. Werner, Trans. Ghent. Soc., 
19^7, 111 , 850. 

100 grams ammonium chloride 

200 c.c. formaldehyde (40 per cent, solution). 

The mixture of ammonium chloride and formaldehyde is distilled 
at 104^^ as in the previous preparation until no more liquid passes 
over, when the contents are left to cool and the crystals of ammonium 
chloride are filtered off. A further 150 c.c. of formaldehyde 
are now added to the filtrate and the mixture is poured back into 
the distilling flask and heated to 115° until no more liquid distils 
(about 3i hours). The product is concentrated on the water- 
bath until a scum forms on the surface, when it is allowed to cool 
and the solid ammonium chloride and methylamine hydrochloride 
are removed by filtration. The filtrate is heated to 120° until a 
sample of the liquid, on cooling, becomes seftii-solid. The liquid 
is then allowed to cool and placed in a vacuum desiccator over 
solid caustic soda for 2 days. The dimethylamine hydrochloride 
is then extracted with chloroform and filtered^ when the filtrate^ 
on cooling, deposits crystals of dimethylamine hydrochloride. 
Yield about 42 grams. The reaction involved is given in the 
previous preparation. 

Another method for preparing dimethylamine is described under 
Reaction 3, p. 179. 

Properties . — ^The free base is a gas at ordinary temperature 
which liquefies below 9"^. 
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Preparation 24. 

Bimethylnitrosamine, (CH3)^N,NO, 

Geuther, Annahn, 1863, 188, 151 ; Renouf, Ber., 1880, 18, 2170. 

50 grams dimethylamine hydrochloride 

45 „ sodium nitrite (in 50 c.c, water). 

The dimethylamine salt is dissolved in 25 c.c. of water 
and made acid to Congo-red paper by the addition of dilute 
sulphuric acid. A solution of 45 grams of sodium nitrite in 50 c.c. 
of hot water is then gradually added and the mixture quickly 
distilled to dryness, when the nitrosamine passes over. As a little 
of the base in the form of the nitrite is carried over with the distillate, 
the latter is redistilled with the addition of a little more sulphuric 
acid. Solid potassium carbonate is now added to the distillate^ 
when the nitrosamine separates as a yellow oil. It is dehydrated 
over potassium carbonate and redistilled at 148—149"’. Yield 
30—35 gleams. 

(CHs)«NH.HCl -f NaNOg =. (CH3)2N.NO -f KaC'l + H^O. 

Properties , — Yellow oil, b.p, 149°, with a characteristic smell 
and alkaline reaction. It forms a colourless, crystalline hydro- 
chloride, CH3N.NO.HCl, when hydrogen chloride gas is passed 
into the ether solution of the nitrosamine. See Appendix, p. 384. 

Preparation 25. 

Ethyl Acetate (Acetic Ether), CHg.CO.OC^IIr,. 

Scheele, Chemical Eesayz, 1782, p. 307; Franklancl, Duppa, Ph%i, 
Tram., 1865, 186 , 37; Pabst, Bull, boc. chim., 1880, 33 , 350. 

50 c.c. cone, sulphuric acid. 

50 „ absolute alcohol.^ 

Mixture of equal volumes of glacial acetic acid (100 c.c.) 
and absolute alcohol (100 c.c.). 

A distilling fiask litre) is attached to a condenser and receiver. 
The flask is provided with a cork, through which a separating funnel 

^ Methyl acetate may be made in precisely the same way, using methyl 
alcohol. The product is then fractionated and collected at 57—^3°. 
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is inserted. The mixture of 50 cx. of concentrated sulphuric acid 
and 50 cx. of absolute alcohol is poured into the flasks which 
is then heated in a bath of paraffin wax or fusible metal ^ to 140®^ and 
kept at this temperature* The mixture of equal volumes of acetic 
acid and alcohol is now added, drop by drop, from the tap-funnel 
at the speed at which the liquid distils, as in the preparation of 
ether (p. 65). When all the mixture has been added, the distillate, 
which contains the ester, and also acetic acid, alcohol, ether, and 
sulphurous acid, is shaken in a separating funnel with a strong 
solution of sodium carbonate (50 cx.) until the upper layer of ethyl 
acetate ceases to redden blue litmus. The lower layer is removed 
as completely as possible, and a strong solution of calcium chloride 
(50 grams in 50 c.c. of water) added, and the shaking repeated. The 
lower layer of calcium chloride is run off, and the ethyl acetate care- 
fully decanted from the mouth of the funnel into a dry distilling flask. 
A few pieces of solid calcium chloride are added, and, after stand- 
ing overnight, the ethyl acetate is distilled from the water-bath 
with a thermometer in the neck of the flask. The portion distilling 
below 74° contains ether, that boiling at 74 — 70'^ is mainly ethyl 
acetate, and is separately collected. Yield, 80 per cent, of the 
theory,^ 

Pfoperties , — Colourless liquid, with an agreeable fniity smell; 
h.p. 77°; sp. gr, 0*9068 at 15® ; soluble in about ii parts of water; 
miscible in all j>roportions with alcohol, ether, and acetic acid. 

Hydrolysis (Saponification) of Ethyl Acetate. — Weigh out 20 
grams of ethyl acetate, and heat in a round flask with three times 
its volume of aqueous potash (iKOH : 3H2O) with upright condenser 
over wire gauze. Add a small piece of porous pot to prevent 
bumping. After an hour or so the upper layer of ethyl acetate 
will have disappeared. Distil the product with a thermometer 

^ A fusible metal bath has the advantage over an oil-bath of neither 
smelling nor being liable to catch fire. It is made by melting in a small 
cooking pan one part of lead and two parts of bismuth. This alloy 
U fluid above 120°. 

* The ethyl acetate prepared by the above method is never free from 
alcohol. In order to remove the last traces of alcohol, the ethyl acetate 
is mixed with five times its volume of water and distilled from the water- 
bath until all the ester has distilled. The ethyl acetate is separmfiCd 
from the water and dehydrated first over solid potassium carboiimte 
and then over phosphorus pentoxide, decanted and redistilled (Wade, 
Trans. Chem. Soc., 1905, 87, 1656; 1912, 101, 2429). 

cohen's P. O. C. H 
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until the temperature reaches joo®. Add solid potassium carbonate 
to the distillate until no more dissolves. Separate the top layer 
of alcohol and dehydrate over fresh potassidm carbonate or quicJk* 
lime. Distil with a thermometer and weigh the distillate. Neu- 
tralise the alkaline liquid, from which the alcohol was first distilled, 
with dilute sulphuric acid, and evaporate to dryness on the water- 
bath. Break up the solid residue, and distil with concentrated 
sulphuric acid (20 c.c.) until the thermometer marks 130°. Redistil 
and collect between 1x5® and 120®. Weigh the distillate. This 
process furnishes an example of hydrolysis or sapamficaHon, 

CHa.COOC.Hfi 4- H,0 CH3.COOH -f C3H3OH. 

CH3.COOH -f KOH « CHg.COOK -f HjO. 

See Appendix, p. 384. 


Preparation 26. 

Ethyl Acetoacetate (Acetoacetic Ester), 

CHa CO.CHj.CO OCgH^. 

Geuther, Jahresh , 1863, p. 323; Frankland, Duppa, Phil Trans., 
1865, 156 , 37; WLslicenus, Annalen, 1^77, 186 , 161. 

200 grams ethyl acetate 
20 sodium. 

The ethyl acetate, carefully dehydrated as described in the 
previous preparation, is introduced into a round flask (| litre) 
connected with a long upright condenser. 20 grams of well-pressed 
sodium, cut into thin slices, are quickly added, and the flask is 
cooled in water. After a short lime a brisk reaction sets in. and 
ultimately the liquid boils. When the first action is over, and 
no further evolutfon of heat occurs, the mixture is heated on the 
water-bath, without detaching the condenser, until the sodium is 
completely dissolved. A 50 per cent, acetic acid solution is at 
once added and well shaken, until the liquid is acid (about 100 c.c.), 
and then an equal volurrte of concentrated brine. The liquid 
divides into tw'o layers; the upper one, consisting of acetoacetic 
e$ter apd unchanged ethyl acetate, is carefully separated. It is 
distilled over wire-gauze until the thermometer marks too®, and 
^ all the ethyl acetate has been removed. The distillate is now col- 
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lected in five fractions (loo — 130^, 130—135*, 165 — 175*, 175—185*, 
185 — 200*). The fraction distilling at 175 — 185* is nearly pure ' 
acetoacetic ester. Yield 30—40 grams. A further quantity may 
be obtained by redistilling the other fractions ; but it is undesirable 
to repeat the process frequently, as acetoacetic ester gradually 
decomposes at the boiling-point. It is for this reason that Gatter- 
mann recommends the fractional distillation to be carried out tn 
vacuo. 

The brown residue remaining in the distilling flask solidifies, on 
cooling, to a crystalline mass consisting chiefly of dehydracetic 
acid, C8ng04. It is converted into the sodium salt by boiling with 
soda solution with the addition of animal charcoal. The sodium 
salt crystallises from the filtrate. On adding dilute sulphuric 
acid, the free arid is obtained as colourless needles; m.p. loq*. 

The formation of ethyl aceloacetate probably occurs in four 
steps. The presence of a small quantity of alcohol gives rise to 
sodium ethylate, which forms an additive compound with ethyl 
acetate. The latter unites with a second molecule of ethyl acetate, 
yielding the sodium salt of ethyl acetoacetate, and splitting off 
alcohol, which reacts with fresh metallic sodium. The sodium 
salt on acidifying passes mainly into the tautomeric (ketonic) 
forifi of acetoacetic ester, although a little cnolic ” form is present, 
forming an equilibrium mixture of the two. 

1. -f Ka, =: 2KaOC2H6 ~f 

X)Na 

2. CHaCO.OC.H. 4 - NaOCaH^ == OC^H^. 

✓ON a /ONa 

3. CHj.Cf -f CHo.CO.OCJij - COOC^H,. 

x)c,H5 “ 

4 - 

/ONa 

4. CHa.C^-CHa.COOCaHj CHa.CiONajiCH.COOCJIg + 

5. CH8.C(ONa);CH.CO,OC,H5 4 ~ - Clf3.CO.CH,.CO.OC2H,j. 

and CH3.C(OH):CH.COOC2H3 4- CH3.CO.ONa 

Properties . — Colourless liquid possessing a fruity smell; b.p. 
181*; sp. gr. 1*03 at 15*. Boiled with dilute caustic potash, the 
ester decomposes into alcohol, carbon dioxide, and acetone (ke|bnic 
decomposition); with strong or alcoholic caustic potash, sodium 
acetate and alcohol are formed facid decomposition). 

IM 
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Reactions. — i. Add a drop of ferric chloride dissolved in alcohol 
to a few drops of the ester ; a deep violet coloration is produced. 

2. Add about i c.c. of a saturated aqueous solution of cupric 
acetate to a few drops of the ester, then alcohol drop by drop until 
a clear solution is obtained ; a bluish-green crystalline precipitate of 



copper acetoacetic ester, is formed. See Appendix, 

P* 3^5* 

Distillation in vacuo . — The apparatus is shown in Fig, 59. The 
distilling flask is provided with a thermometer 
and attached to a short condenser and receiver. 
The receiver consists of a second distilling 
flask, which is tightly attached to the end of 
the narrow condenser tube, figured at a, and 
connected by the side limb by means of pump- 
' tubing to a water- jet aspirator and mercury- 
gauge,^ Some small hits of porous pot are 

^ With a good water pressure a vacuum of 
10 — 15 mm, should be obtainable. B'or higher 
vacua, various forms of oil pumps of the Gaede 
type ma^ be used, but are costly. A less expen- 
sive and at the same time elficient apparatus is 
the mercury vapour or Langmuir pump shown in 
section in Fig. 60. The mercury vapour from a, 
which is allowed to boil gently, drives the air, 
which is drawn in at b, to the top of e, where it is 
withdravm at c by a water-aspirator. The apparatus is clamped below 
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placed in the flask, which is heated in a paraffin bath, and the appa- 
ratus exhausted to about 35-~-4o mm. pressure. At this pressure 
ethyl acetoacetate boils at about 90°. The following table gives 
the temperatures corresponding to different pressures : — • 


t. mm. j i. mm. 

74° 14 94° 45 

79° •» ! 87" 59 

88° 29 j 100° 80 


The chief inconvenience which attends distillation m vacuo is 
the bumping of the liquid in the distilling flask. This may be 
moderated or removed by various devices, such as the introduction 
of porous pot, capillary glass tubes, dec., or by driving a rapid stream 



Fig 63. 


of fine air-bubbles through the liquid. For this purpose a Claisen 
flask (Fig. 61), may be used with advantage. ^ A tube is drawn out 
into a fine capillary and is open at both ends, the wide end being 
attached to a short piece of rubber tubing and screw-clip. This 
tube is inserted through a cork in the straight neck of the flask, 
whilst the thermometer is fixed in the second neck, which is attached 

D, the vessel to be exhausted attached to b and a good water pump 
attached to c. D are the inlet and outlet tubes of the condenser 
through which water circulates. It is advisable to surround G with 
asbestos to prevent radiation. The mercury in a, which should be 
about the volume shown in the Fig. is boiled gently, preferably 
with a small ring or Artaud burner, as soon as the apparatus has been 
exhausted as far as possible with the water-pump. With a good water- 
pump, a vacuum of i to 2 mm. should be obtained, or if two mercuiy 
vapour pumps be attached in senes a fraction of a mm. may be reached. 
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to the condenser. The stream of air-bubbies is regulated by the 
dip. Instead of the long manometer shown in Fig. 59, a more 
compact, and, for low pressures, a more convenient form is shown 
in Fig .^61. If the distillate has to be separated into fractions, it 
is undesirable to interrupt the boiling. Various forms of apparatus 
for effecting this object are shown in Figs. 63 — 64. The apparatus 
(Fig. 63) consists of a double receiver a and 
B ; c and e are ordinary two-way taps, whilst d 
is a three-way tap pierced lengthwise and 
A crosswise as shown in section at f. The 
aspirator is attached to the limb marked with 
the arrow. During the distillation the taps c 
and D connect the apparatus with the aspi- 
rator whilst E is closed. The distillate collects 
in A. When this fraction is to be removed, 
c is closed and e is opened. The liquid is 
thereby transferred to the second receiver b ; 
E is now closed, c is opened and D turned so as 
to let air into B ; B may now be removed and 
replaced by a similar \'essel and the process 
Fig. 63a'. repeated. Fig. 63a is similar to Fig. 63. a is 
connected to the condenser, b is attached to the 
pump and c is a three-way tap which allows air to enter d before 
removing it. Fig. 64 needs little explanation. There are two or 




Fig. 64. Fig. 04^. 

more receivers on one stem. By rotating the stem the distillate 
falls into one or other receiver. Fig. 64a consists of a vacuum vessel 
containing a series of test-tubes which can be moved in turn, under 
the end of the condenser, by means of a vertical axis. It is often 
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preferable to heat the distilling flask in an oil or metal bath instead 
of using wire-gauze. Distilling flasks above 250 c.c. capacity 
should not be used for low pressures, as they may collapse. For 
high boiling liquids, or for substances which may solidify in the 
condenser, a condenser tube without water-jacket is used. A 
convenient form of condenser tube is shown at a, Fig. 59. It consists 
of a straight tube fused on to a short narrower tail-piece. In certain 
cases It is found convenient to insert the side-tube of the distilling 
flask directly into the neck of the receiver (see p. 342). 


Preparation 27. 

Ethyl Acetoacetic Ester, 

, Conrad and Limpach, Annalev, 1878, 192 , 155. 

5*7 grams sodium 
80 c.c. absolute alcohol 
32*5 grams acetoacetic ester 
40 ,, ethyl iodide. 

The alcohol is poured into a 500 c.c. round flask furnished with a 

reflux condenser, and the sodium, cut into coarse lumps added. 

When the sodium has dissolved as sodium ethoxide, the flask is 

cooled somewhat and the acetoacetic ester and ethyl iodide are 

added. The mixture is heated on the water-bath for about 2 

hours until the liquid is neutral to litmus. The alcohol is now 

distilled as far as possible by immersing the flask in the water-bath ; 

to the residue 60 c.c, of water are added and the oil is extracted 

with ether. The ether solution is dehydrated over calcium chloride 

and distilled, preferably under diminished pressure. At the 

ordinary pressure, the ethyl acetoacetic ester distils as a colourless oil 

at 190 — 196° ; 90 — 100° at 20 mm. The yield is about 24 grams. 

CHa.CO.CHa.COOC.Hg -f- NaOCaH^ ^ Cn^.C(0!^d.):CH,COOC^H^ 

Sodium acetoacetic ester. 

CH,.C(ONa):CH.COOCjH, + C,H J = CH,.CO.CH(C,Hj).COOC,H, + 

Ethyl acetoacetic ester. 

Nal + C,H,OH. 

Methyl Propyl Kotone.CHg.CO.CgH^. — Mix together in a 500 c.c. 
round flask furnished with a reflux condenser 20 grams of the 
ethylacetoacetic ester and 100 c.c. of 10 per cent, caustic potash 
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solution and heat on the water-bath for about 5 hours. Hydrolysis 
will then be complete and the smell of the acetoacetic ester will be 
replaced by one resembling acetone. The oily layer is now 
separated^ the remaining solution saturated with common salt 
and extracted twice with small quantities of ether, which is added 
to the separated oil. To the ether solution an equal volume of 
saturated sodium bisulphite solution (see p. 23a) is added, and the 
mixture well shaken and left for a time. The bisulphite compound 
)S filtered, washed with a little ether and then decomposed by the 
addition of hydrochloric acid (10 c.c. of cone. HC 1 + 15 cx. of 
water) and left for an hour. Salt is added and the oily layer 
extracted with ether dehydrated over calcium chloride, the ether 
removed and the ketone distilled. It boils at 96 — 102°. The 
yield is 7 — 8 grams. 

CHj.CO.CH(C8H5)COOC4H6 4- 2KOH 

= CH3.CO.C3H, + C3H3OH K3CO3 4- HjjO 

CH3.C{C,H,)<9o X*, + HCl = CH,.CO.C,H, + NaCl + SO, + H, 0 . 

^ “ Methyl propvl ketone. 

Colourless liquid with a smell of acetone; b. p. 102®; sp. gr^ 
o’8o8 at 20°. See Appendix^ p. 388. 

Preparation 28. 

Acetylacetone, CHg.CO.CHg.CO.CHg. 

Claisen, Ehrhardt, Ber, 1889, 22 , 100. 

25 grams sodium 

225 c.c. pure (alcohol free) ethyl acetate 
79 ,, acetone. 

125 grams copper acetate. 

The alcohol-free ethyl acetate is prepared as described on p. 97. 
The sodium is pressed as wire into a i i litre flask containing about 
20 c.c. of dry ether to prevent oxidation of the metal. Tlie flask 
is fitted with a reflux condenser and cooled in a freezing mixture 
and the ethyl acetate, likewise cooled, is added. To this the 
acetone^ also cooled, is introduced in small quantities and the 
mixture shaken continually. The addition of the acetone must 
not be done too quickly because of the violence of the reaction, 
pot too slowly, as otherwise a considerable quantity of ethyl 
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acetoacetate may be formed (see p. 98). When all the acetone 
has been added^ the flask is left for several hours in a freezing 
mixture and then for a further 12 hours (overnight) at the ordinary 
temperature. The sodium compound of acetyl acetone is dissolved 
by adding about 350 to 400 cx. of ice-water, and the water layer 
is then separated from the upper layer of ethyl acetate. The 
aqueous solution is slightly acidified with acetic acid. 

Meanwhile 125 grams of copper acetate, finely powdered, are 
boiled with litres of water for several hours and filtered from 
undissolved basic salt. 

This solution, whilst still lukewarm, is added to the acidified 
solution, when copper acetyl acetone is thrown down. The preci- 
pitate is allowed to stand several hours, filtered and tlie moist 
solid suspended in ether. Dilute sulphuric acid is then gradually 
added and the mixture shaken until the solid disappears, when two 
layers are formed. The lower layer of copper sulphate solution 
is removed in a separating funnel and the ether layer dehydrated 
over calcium chloride. After removing the ether on the water-bath, 
the residue is fractionated and the portion boiling at 125— 140® 
collected, ft may be further purified by a second fractionation. 
Yield 29 grams. 

CHa.COOCjHg -f CHj.CO.CH, == CHa.C{ONa):CH.CO CH, + C^H^OH 
-j- Sodium acetylaoetoiie. 

2CH3.C{ONa):CH.CO.CH8 + CufCjHaO.)^ 

= (C8 H,Oj.)2Cu + 2 CH3.COONa 

(CaH, 02 )*Cu 4- HjSO, - 2CH3.CO.CH8.CO.CH3 -f CuSO,. 

Acetylacetone. 

Properties. — Colourless, pleasant-smelling' liquid; b. p. 136®; 
it dissolves in 8 parts of water. It combines with hydrazine to 
form pyrazole and with hydroxylamine to form isoxazole com- 
pounds. It also forms well-crystallised salts with various metallic 
oxides. 

Reaction . — ^To 0*5 gram of acetylacetone add i gram of benzal- 
aniline (see p. 233) and a drop of piperidine. The mixture becomes 
warm and soon solidifies. Recrystallised from alcohol, it forms 
colourless needles, m. p. 106 — 107*^. 

CH3.C0.CH,.C0.CH3 CH3.CO.CH.CO.CH, 

C,H,N:CH.C,H, “ C,H.NH.c!h.C,H, 

See Appendix j p. 389. 
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Preparation 29. 

Monoehloracetlc Aeid, CHgCl.CO.OH. 

R. Hofmann, Annalen, 1857, lOS, i ; Auger, B^hal, Bull. Soc. chim,» 
1889, (3) 2, 145. 

100 c.c. glacial acetic acid 
10 grams red phosphorus. 

Fit up the apparatus shown in Fig. It consists of a stone- 
ware jar one-third full of pyrolusite in lumps, and fitted with exit 
tube and tap-funnel. It is heated on a sand-bath over a small 



flame, whilst concentrated hydrochloric acid is allowed to drop 
in from the tap-funnel. A rapid current of chlorine is thus evolved, 
which IS dried by passing through concentrated sulphuric acid in 
the Woulff bottle.^ The WoulfT bottle has a safety and an exit tube, 
the latter being connected with a straight tube passing to the bottom 
of the retort. The retort is tilted upwards and connected with an 
upright condenser, which is furnished with an open calcium chloride 
tube. The acetic acid and phosphorus are placed in the retort 
and heated pu the water-bath. The retort and contents are weighed 
at the i|^|i;f<nencement of the operation on a rough balance. A 
rapid ^efcent of chlorine is then passed through for six to twelve 
ho^^i iad the retort occasionally weighed* until the increase in 

1 cylinders of liquid chlorine can be purchased and conveniently 
the preparation from pyrolusite as descnbed above. 
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weight (50 grams) roughly corresponds to the formation of mono- 
chloracetic acid. The operation is stopped when a sample solidifies 
on cooling and on rubbing with a glass rod. The action of the 
chlorine is greatly facilitated by sunlight. The yellow liquid in the 
retort is poured into a distilling flask, and distilled over wire-gauze. 
Some acetyl chloride and unchanged acetic acid first distil, after 
which the temperature rises and the fraction boiling at 150 — igo^ 
is collected separately. It is advisable to run the water out of the 
condenser when the temperature approaches 170°, as the acid may 
solidify and block the condenser-tube. The distillate solidifies 
on cooling. Any liquid is drained off at once, and the solid is 
redistilled and collected at 180 — 190°. It is nearly pure chlor- 
acetic acid. Yield 80 — 100 grams. 

CHg.CO.OH + Clj = CHaCl.CO.OH -f HCl. 

The phosphorus acts as a “ chlorine carrier ” by forming probably 
phosphorus pentachloride, and then reverting to the state of 
trichloride. 

Properties , — Colourless crystals; m.p. 63®; b.p. 185 — 187°; 
readily soluble in water, and deliquescent in moist air. It causes 
blisters on the skin. See Appendix p. 390. 

Preparation 30. 

Ethyl Chloracetate^ CllgCl.COOCyifi. 

Conrad, Annalen, 1877, 188 , 218. 

50 grams chloracetic acid 

60 ,, (75 c.c.) absolute alcohol 

18 ,, (10 c.c.) cone, sulphuric acid. 

The above mixture is heated on the water-bath with a reflux con- 
denser for 6 hours. It is then cooled, diluted with ice water and 
the ester extracted with ether. The ether extract is dehydrated 
with sodium sulphate and distilled with a fractionating column. 
The ester is collected at 144 — 145®. The yield is 50 grams. 

ClCHg.COOH -1- CjHsOH == ClCHjj.COOCgHs + H^O 

Properties, — Colourless, sweet-smelling liquid, b.p. 145'^; sp. 
gr, ris 8 . 
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Preparation 31. 

Cyanaeetle Ester and Cyanaeetle Aeid« 

CN.CH8.COOC2H5 CNXHa.COOH. 

Kolbe, Miiller, Annalen, 1864, 181 , 350; Phelps, TUlotson, Anwr. 
Journ. of Science, 1908, (iv), 28 . 275; Organic Syntheses, VoL III. p. 53. 

50 grams monochloracetic add (in 25 c.c. of water). 

77 ,, sodium carbonate (hydrated). 

35 „ sodium cyanide (in 63 c.c. of water). 

The powdered sodium carbonate is added to the solution of the 
chloracetic acid. As the reaction is endothermic, the temperature 
may fall so low as to freeze the mixture, and it is therefore advisable 
to keep the vessel in water at room temperature. The alkaline 
solution is now poured into a hot solution of 35 grams of sodium 
cyanide contained in a i -litre flask, and the mixture boiled for 5 
minutes to complete the reaction. The solution is cooled below 
20®, stirred and cone, sulphuric acid added drop by drop, keeping 
the temperature below 25®, until it is just acid to logwood paper. 
Considerable frothing occurs at this stage. The sodium chloride 
which now separates is removed by filtration, transferred to a 
flask, and shaken up with 75 c.c. of purified spirit. It is filtered 
and the residue washed with a further 25 c.c. of spirit. The 
alcoholic extract is preserved for further treatment. The filtrate 
from the salt is now evaporated in vacuo on the water-bath at 
70 — 80® (see p. 342), the residue w'ell shaken with the above 
alcoholic extract and filtered. The solid is again treated with 
50 c.c. of spirit and filtered. The combined alcoholic extracts 
(about 150 c.c.) are distilled in vacuo on a water-bath at 50 — 60®, 
which removes the greater portion of the solvent. The residue is 
mixed with 35 c.c. of absolute alcohol and 2 c.c. of cone, sulphuric 
acid and heated in a paraffin-bath at 100 — no®, whilst the vapour 
from 150 to 200 c.c. of ab^lute alcohol is introduced. It is then 
heated for a further half hour and cooled. Ice is now added and 
the cooled product extracted with ether. The ether extract is 
washed with sodium carbonate solution and dehydrated over 
^Klcium chloride. 

The solvent is distilled from a water-bath and the residual 
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cyanacetic ester purified by distillation in vacuo. At 20 mm. 
pressure it boils at 105 — io6°. The yield is 45 — 50 grams. 

aCHjCLCOOH -f Na^jCO* = ^CHaCl.COONa + COj, 4 - HjO 

Sodium chioracetate. 

CHjCLCOONa -f NaCN = CHa(CN).COONa -f NaCl 

Sodium cyanacetate, 

CH,(CN).COONa + C,H,OH + HjSO. = CH,(CN).COOC,Hj + 

Cyanacetic ester. 

NaHSO^ + H^O. 

Properties, — ^Colourless liquid with b.p. 207° at normal pressure. 

Cyanacetic Acid. — In order to prepare the free acid the ester is 
mixed with 2 parts of water and a few drops of nitric acid and 
heated at 60° until a homogeneous liquid is obtained. This is 
evaporated in an open dish until crystallisation begins. The 
crystals are separated and purified by recrystallisation from a 
mixture of ether and chloroform. The melting-point is 66 — 67®. 

CHj{CN).COOC2 H5 + HgO = CHa(CN).COOH -f CjHpH. 

C> aiiacctic acid . 

Properties, — C'olourless, well-formed crystals which decompose 
on healing to 165° into COg and CH3CN. See Appendix, p. 391. 

^ Preparation 32. 

Nitromethane, ('FIjj.NOg. 

Kolbe, Journ. prakt. Chem,, 1872, (2), 5 , 427; Preibisch, Journ, 
pmkt. Chem,, 1874, (2), 8, 31O; Organic Syntheses, Vol. JII. p. 83. 

100 grams monochloracetic acid (in 200 c.c. of water). 

60 ,, sodium carbonate (anhydrous). 

73 ,, sodium nitrite (in 100 c.c. oPwater). 

The monochloracetic acid solution is placed in a i J-litre distilling 
flask, and is made faintly alkaline by the gradual addition of 
sodium carbonate. The flask is now attached to a condenser and 
the sodium nitrite solution run in from a tap-funnel inserted in 
the neck of the flask. The mixture is slowly distilled over 
wire-gauze. The liquid gradually turns red^ carbon dioxide is 
evolved and the nitromethane and water distil. The heavier 
nitromethane is separated from the water, dried over calcium 
chloride and redistilled. It boils at 101—102®. The yield is 
about 30 grams. The aqueous layer, which still contains some 
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dissolved nitromethane, can be used, if necessary, instead of water 
for further preparations. 

2CH2CI.COOH + Na^COj « 2CH^a.COONa + H *0 + COj 

Sodium chloracetate. 

CHaCl.COONa + XaNOj -f- H ,0 ^ CHgNOg -f NaCl + NaHCOj. 

Nitromethane. 

Properties , — Colourless liquid with a not unpleasant smell, 
b.p. 101°, sp, gr. 1*144 at 15°. 

Reaction . — It forms a sodium salt when an alcoholic caustic 
soda solution is added to the nitromethane dissolved in alcohol 
as a white precipitate of the formula CH2Na.N02 or CHgiNO.ONa. 
If to a solution of nitromethane in caustic soda a few drops of 
sodium nitrite are added and then dilute sulphuric acid, a red 
substance is produced, which is soluble in ether and is the sodium 
saL of methyl nitrolic acid. 

.NO, 

CHa NO. f HNO, + NaOH =- CH< -f H ,0 

^^NONa 

Sodium methyl nitrolate. 

On further addition of arid, the sodium salt is decomposed and 
the colour vanishes. See Appendix, p. 392. 

Preparation 33. 

Monobromaeetic Aeid, CIl2Br.COOH. 

Hell, Ber . 1881, 14 , 891 ; Volhard, Annalen, 1887, 242 , 14 1 ; Zelinsky, 
Ber., 1887, 2026. 

30 grams (30 c.c.) glacial acetic acid. 

(35 c.c.) bromine. 

5 „ red phosphorus. 

All the above substances must be dry. The acetic acid is frozen 
in ice, and any liquid drained off, and the red phosphorus is washed 
with water to free it from phosphoric acid, dried in the steam 
oven, and kept over sulphuric acid in a desiccator until required. 
The bromine is placed in a separating funnel with half its volume of 
concentrated sulphuric acjd overnight, and then separated. The 
ai^>aratus is shown in Fig. 66. It consists of a round flask (250 c.c.) 
attached to an upright condenser, w^hich is provided with a cork. 
A tap-funnel cx>ntaming the bromine passes through one hole, and 
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a wide bent tube^ attached at its lower end to a funnel, passes 
through the other. As a large quantity of hydrobromic acid is 
evolved in the reaction, the funnel is made to touch the surface of 
water contained in a beaker, whereby it is completely absorbed. 
The phosphorus and acetic acid are placed in the flask, and bromine 
is dropped in from the taj>funnel.* A vigorous reaction occurs, and 
the liquid becomes very warm. After half the bromine has been 
added the action moderates, and the remain- 
der may be run in more quickly. When the 
whole has been added, the liquid is boiled 
gently until the colour of the bromine dis- 
appears. It is now allowed to cool, and the 
liquid decanted into a distilling flask for dis- 
tillation in vacuo, (are must be taken not 
to touch the substance with the hands, as 
even a small quantity produces very unpleas- 
ant sores, "fhe apparatus for distilling m 
vacuo is shown in Fig, 59 (p. 100). The dis- 
tilling flask is provided with a thermometer, 
and attached to a short condenser and 
receiver. The receiver consists of a second 
distilling flask, which is tightly attached to the 
end of the condenser and conneded by the Fig. 66. 

side limb with pump-tubing to a w^ater-jet 
aspirator and mercury manometer. Some small bits of a porous 
pot are placed in the flask, and the apparatus exhausted to about 
50 — 60 mm. pressure. The liquid distils at a nearly constant 
temperature (about 50 — 53°), and consists of nearly pure brom- 
acetylbromide. The calculated quantity of water is added to 
convert it into bromacetic acid, when the liquid forms a solid 
crystalline mass.*** It may be purified by distillation at atmospheric 
pressure with condenser-tube only, the portion boiling above 165^ 
being collected separately. 

3CHa.COOH -f r -f iiBr = 3CHjBr.COBr -f HPOj -f 5HBr. 

Bromacetyl bromide, 

CHjBr.COBr + H,0 = CH,Br.CO.OH + HBr. 

Bromacetic acid. 

Properties. — Colourless crystals; m.p. 50 — 51°; b.p. 208“. 
See Appendix, p. 390. 




112 


PRACTICAL ORGANIC CHEMISTRY 


Preparation 34. 

Glycine (Glycocoll, Aminoacetic Acid). 

Braconnot, Amt. Chim, Phv$,, 1820, (2) 18 , 114; Perkin, Duppa, 
Tfans. Ckem. Soc., 1859. 11 , 22; Kraut, Annalen, 1891, 266 , 292. 

50 grains chloracetic acid 
50 c.c. water 

600 ammonia 26*5 per cent. (sp. gr. 0*907 at 14®), 

Fit up the apparatus shown in Fig. 67. It consists of a large 
wide-necked bottle, in which the ammonia solution is placed. 
The solution is stirred by a mechanical stirrer, rotated by means 
of a water-turbine. The solution of the chloracetic acid in 50 



Fig. 67. 


c.c. water, is dropped in from a tap-funnel. After standing 24 
hours the liquid is poured into a flask, and the excess of ammonia 
is removed by passing in a current of steam, and evaporating 
at the same time on the water-bath until the last traces 
of ammonia disappear. The solution now contains glycine 
and ammonium chloride. Precipitated carbonate of copper 
is added to the hot liquid until no further effervescence occurs, 
and some carbonate remains undissolved. It is filtered and 
evaporated on the wate^rbath until crystallisation sets in. This 
is determined by removing and cooling a small portion in a 
test-tube or watch-glass. The blue needles of copper glycine, 
(C2H4N02)2Cu,HgO, are filtered and washed, first with dilute and 
then with stronger spirit. The mother liquor may be further 
evaporated, and a fresh quantity of crystals obtained. The copper 
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salt is dissolved in water and precipitated hot with hydrogen 
sulphide, the free glycine passing into solution. The precipitate 
is filtered and well washed, and the filtrate evaporated to a small 
bulk on the water-bath. Crystals of glycine separate out. Yield 
15 — 20 grams. The loss is due to the formation of di- and 
tri-glycolaminic acid, NH(CH2.COOH)2 and N(CH.,COOH)3. 

CHjCl.COOH + 2NH8 CHjjNHa.COOH -f H,CL. 

Glycinf*. 

Properties , — Large monoclinic crystals; discoloured at 228°; 
m.p. 232 — 236®; scarcely soluble in alcohol and ether, readily 
soluble in water (i part glycine in 4 parts water). 

Reactions, — i. Add a drop of copper sulphate to a solution of 
glycine, and notice the blue colour of the copper salt. 

2. Add a drop of ferric chloride to the solution. It gives a 
deep red colour. See Appendix, p. 392. 


Preparation 35. 

CH2.NTI2.nCl 

Glycine Ester Hydrochloride, | 

. CO.OC2H5. 

Klages, Her,, 1903. 36 , 1506, Hantzsch and Siberrad, Ber., 1900, 
33 , 70. 

250 c.c. formaldehyde solution (40 per cent.), 

90 grams ammonium chloride (powdered). 

85 „ sodium cyanide (in 200 c.c. water). 

63 c.c. glacial acetic acid. 

The first part of the process consists in the preparation of 
methylene-aminoacetonitrile, 

NH^CN -f 2CH8O = CH,:N.CH,CX -f 2 Hj.O. 

Methylene-ammoacetonitnlf* . 

The formaldehyde and ammonium chloride are mixed in a 
wide-necked glass jar, cooled in a freezing mixture and stirred by 
means of a stirrer as .shown in Fig. 67. When the temperature 
falls to 5° the sodium cyanide solution is slowly run in from a 
tap-funnel during three hours, the temperature being maintained 
below 10®. When half the cyanide solution has been added, the 

cohen’s p. o, c. I 
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ammonium chloride will have completely dissolved. Whilst the 
second half of the solution is being added, 63 c.c. of glacial acetic 
acid ajre dropped in from another tap-funnel at about the same rate, 
whilst the temperature is kept below 15®. As soon as the acetic 
acid is added, a white crystalline substance begins to separate and 
gradually fills the liquid. The stirring is continued for another 
hour after the solutions have been added. The crystalline mass is 
filtered, washed with water and dried. The yield is 60 — 70 grams. 
Methyleneamino-acetonitrile melts at 129°. It may be recrystallised 
from alcohol, but is usually pure enough for further treatment. 

On hydrolysis in presence of alcohol it breaks up into glycine 
ester hydrochloride, ammonium chloride and formaldehyde. 

CH^:N,CH2CN -f 2HsP + C^H^OH -f- HCl = (HCl)NHs CHa.COOCjH^ 

Glycme estei hydrochloride. 

+ NH 4 CI CH,0. 

Twenty-five grams methyleneamino-acetonitrile are added to 
170 c.c. of absolute alcohol previously saturated in the cold with 
hydrogen chloride. See p. 362. 

When saturated, the mixture is boiled for an hour with reflux 
condenser on the water-bath and filtered hot from the ammonium 
chloride which remains undissolved. On cooling, the greater 
portion of the ester hydrochloride crystallises. A further quantity 
may be obtained by concentrating the mother liquors. Yield 
3^35 grams. 

Properties. — Colourless needles; m. p. 144®, soluble in hot 
alcohol, very soluble in water. See Appendix, p. 392. 


Preparation 36. 


Diazoacetic Ester, 



I 

COOCgHg 


CH:N;N 

ioOCgHj 


Curtius, J. praki. Chem*, 1888, 38 , 401 ; Silberrad, Trans. Chenu Soc., 
1902^, 81 , 600. 

2 5 grams glycine ester hydrochloride (in 50 c.c. of water). 

18 „ sodium nitrite in fine powder. 


The glycine ester and sodium nitrite are shaken together in a 
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separating funnel (250 c.c.) until the nitrite is dissolved, a little 
water being added if necessary. Fifteen c.c. of ether are poured 
into the funnel, and when the temperature has sunk to about 5^, two 
or three drops of a 10 per cent, sulphuric acid solution are added. 
The mixture is now well shaken for a minute and the aqueous layer 
drawn off into a flask standing in ice, w^hilst the yellow ethereal 
solution, separated as completely as possible from water, is poured 
from the neck of the funnel into a dry flask. The aqueous portion 
cooled at 5® is returned to the funnel and the process is repeated 
five or six times with fresh quantities of ether, a few drops of sul- 
phuric acid being added each time before shaking, and the yellow 
ethereal layer separated, until the ether is only slighty coloured. 

Thc‘ united ethereal extracts are shaken with very small quan- 
tities of sodium carbonate solution until no more carbon dioxide 
is evolved and the solution remains alkaline. The ether solution 
is then thoroughly dehydrated over calcium chloride overnight 
and the ether carefully removed on the water-bath, which should 
not be heated to boiling. When most of the ether has been distilled 
off, the flask is taken from the water-bath and the remainder of 
the ether removed by blowing air over the surface of the liquid. 
Yigld about 15 grams. 

HCl.NH^CH.TOOCaHa NaNO^ - N^CH.COOCgH^ + NaCl -f- 2Hfi, 

l>ia7oac4^tic 

Properties , — Deep yellow liquid which explodes on boiling; 
but distils undecomposed under diminished f)ressure. 

Reactions , — Add a drop of the diazoacctic ester to concentrated 
sulphuric acid. It decomposes explosively. Heat a few c.c. 
of the ester in turn with w’ater and alcohol. Nitrogen is evolved 
with the formation of glycollic ester in the first case and ethyl 
glycollic ester in the second. 

NaCH.COOCaHs = CH*OH.CC)OC,H^ + N,. 

N,CH.COOC,H, -t C^H.OH == CH.OCaH^.COO.Hs -j- N«. 

Add an ethereal solution of iodine. Nitrogen is evolved and 
iodacetic ester is formed. Heat a little of the ester with concentrated 
hydrochloric acid. Nitrogen is evolved and chloracetic ester is 
formed. Gradually add five grams of the diazoacctic ester to a 

solution of 8 grams of caustic soda dissolved in 12 c.c, of water 

1 z 
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heated on the water-bath. A vigorous reaction occurs and yellow 
crystals of sodium bisdiazoacetate are deposited. Cool, add lo r.c. 
of spirit, and filter and wash with spirit. 

.N:N. 

aCHNa.COOC.Hj -f aNaOH ^ COONa.CH< >CH COONa 

-f 2 C,HjOH. 

See Appendix, p, 393. 


Preparation 37. 

Diethyl Malonate, 

Conrad, AnnaUn, 1880, 204 , 126; W. A. Noyes, Amer, Ghent, J., 
1896, 18, 1105. 

' 50 grams chloracetic acid (in 100 c.c. water) 

^ 28 ,, sodium carbonate (anhydrous) 

28 ,, sodium cyanide (in powder). 

The solution of chloracetic acid is poured into a wide basin 
(20 cm, diam.), and whilst the mixture is heated to 55 — 60°, sodium 
carbonate (28 grams) is added until the evolution of carbon dioxide 
ceases and the liquid is neutral. A solution of sodium chloracetate 
is thus obtained. Sodium cyanide (28 grams) is now added, the 
mixture gently heated and well stirred.”* Vigorous effervescence 
occurs and the flame is removed. When the reaction is over, 
the contents of the ba.sin are rapidly exaporated on the sand-bath, 
whilst the mass is continuously stirred with a thermometer until 
the temperature reaches 1 35°. The brown semi-fluid mass is allowed 
to cool and stirred whilst solidifying, and then quickly broken 
up into coarse powder and introduced into a round flask (J litre). 
The sodium cyanacetatc which has been formed is now converted 
into the ester, and at the same time hydrolysed by boiling with 
sulphuric acid. Absolute^ alcohol (20 c.c.) is added, and the flask 
is then mounted on a water-bath and attached to a reflux condenser. 
A cold mixture of 80 c.c. absolute alcohol and 90 c.c. concentrated 
sulphuric acid is added in the course of about ten minutes, and the 
flask heated for two hours on the water-bath. The mixture is cooled 
quickly, too of water are added, and any insoluble matter 
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is filtered off. The filter is washed several times with small quantities 
of ether^ and the filtrate shaken up with the ether and separated. 
The filtrate is shaken up again with fresh ether when the ester is 
completely separated, and the united ethereal extracts freed from 
acid by shaking with water and then with a strong solution of sodium 
carbonate until the latter remains alkaline. Tlie ether extract 
is then separated, dehydrated with calcium chloride, and the ether 
removed on the water-bath. The residual ester is distilled under 
reduced pressure. Yield 45 — 50 grams. 

CHaCl.COONa -f- NaCN CH^CN.COONa -f NaCl 

Sodmiri tyanaoetaU*. 

CHaCN.COONa -f aC.HgOH + = CH^{COOC^U,)^ + KaHSO^ 

Malonic rstpr. 

+ NH,HSO,. 

Properties . — Colourless liquid; b.p. 195°; sp. gr. 1*068 at 18®. 
See Appendix^ p. 394. 


Preparation 38. 

Ethyl Malonic Acid, C2ll5.CII<^Q*^ 

Conrad, Annalen, 1H80, 204 , 134. 

16 grams ethyl malonate 
25 „ (32 c.c.) absolute alcohol 

2*3 ,, sodium 

20 ,, ethyl iodide. 

Sodium ethoxide is first prepared by dissolving 2*5 grams sodium 
m 25 grams alcohol, and the reaction completed, if necessary, on 
the water-bath as described on p. 103. Whilst the product is still 
slightly warm, 16 grams of malonic ester are added from a tap-funnel. 
The liquid remains clear at first, but before the ester has all been 
added a white crystalline body (sodium ethyl malonate) separates, 
and soon the whole solidifies. To the solid mass 20 grams of 
ethyl iodide are slowly added. The mass softens and, after con- 
tinued shaking, completely liquefies with evolution of heat. The 
product is now heated on the water-bath, when it becomes turbid 
from the separation of sodium iodide in the form of a fine powder. 
After one and a half hours the liquid ceases to be alkaline and the 
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reaction is complete. The alcohol is distilled off from a brine-bath 
(water saturated with common salt). On the addition of water 
to the residue an almost colourless oil separates out. The oil is 
removed by extraction witli ether, dehydrated over calcium chloride 
and distilled. When the ether has been driven off, almost the whole 
of the residue (ethyl diethyl malonate) passes over at 206 — 208®. 
Yield about 15 grams, 

CHa.(CO.OC*Ha)j5 + NaOC^Hj r:- CUm{CO.OCJti^)^ -f C^HjOH 

Sodium ethyl malonatr 

CHNa{CO.OC,H 5 ), + C,H,I = CH(C,Hs)(CO.OC,H,), + Nal 

Ethyl ma Ionic ester. 

Properties , — Colourless liquid with an agreeable fruity smell; 
b.p. 207®, sp. gr. I *008 at 18°. 

To obtain the free acid, the ester is hydrolysed with caustic potash. 
This may be effected in two ways. 

(1) To 15 grams caustic potash dissolved in an equal weight of water 
10 grams of the ester are slowly added from a tap-funnel and shaken. 
At first an emulsion forms, which soon solidifies to a white mass. 
This is heated on the water-bath with frequent shaking for about 
three-quarters of an hour, until it becomes completely liquid. I'he 
hydrolysis is then complete. The product is diluted with a little 
water, neutralised with concentrated hydrochloric acid, and the free 
acid precipitated with a strong solution of calcium chloride as the 
calcium salt. This is separated from the solution by filtration 
and concentrated hydrochloric acid added to the calcium salt until 
distinctly acid to Congo red paper. From the acid solution the 
free ethyl malonic acid is extracted by shaking with ether. The 
ether solution is dehydrated with anhydrous sodium .sulphate. 
After evaporating off the ether, the acid remains behind as a 
syrup, which solidifies when cold. This is redissolved in water, 
boiled with a little animal charcoal to free it from any adhering 
colouring matter, filtered, and evaporated to syrupy consistency on 
the water-bath. The colourless acid crystallises on cooling. The 
crystals should be pressed on a porous plate and recrystallised from 
benstene. Yield about 5 grams. 

(2) The second method is to hydrolyse with alcoholic potash 
and precipitate the acid directly from the alkaline solution. The 
ako&olic potash solution is prepared by dissolving a slight excess 
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above the calculated weight of caustic potash in an equal weight 
of water and adding four times the volume of purified spirit. The 
mixture is placed in a round flask fitted with reflux condenser and 
the ethyl malonic ester added slowly with shaking. When all is 
added, the clear solution is heated on the water-bath until a test 
portion dissolves completely in water. The liquid is then poured 
into a basin, the alcohol removed on the water-bath and the residue 
dissolved in water, well cooled and cone, hydrochloric acid added 
until a drop gives an acid reaction to Congo-red paper. The acid 
is extracted with ether and purified as described above. 

+ 2KOH == CjH 5 CH(C 02 K)* -f 

Potassium ethyl malonate. 

CjH5CH(COjK)2 4 - 2HCI -= C4H5CH(COaH)2 + 2KCI. 

Ethyl malouic at*id. 

Properties . — Rhombic prisms; m.p. easily soluble in 

water, alcohol, and ether. 

Reaction . — Heat a gram or two of the acid in a test-tube over 
a small flame and have at hand a second test-tube one-third full 
of lime water. The acid decomposes at 160° into butyric acid and 
carbon dioxide. When the effervescence begins to slacken, decant 
the ^as downwards into the test-tube of lime-water, shake up and 
notice the turbidity. The acid which remains will have a strong 
smell of butyric acid, 

C^H^CH(CO^K)^ C3H7CO.OH + CO^. 

Ihityrir acid. 

See Appendix j p. 394. 


Preparation 39. 

Glutaric Acid, HO.CO.CH2.CIl2.CII,.COOn. 

Conrad, Giithzeit, Annalen, 1884, 288 , 253; Knoevenagel, Ber,, 
1914, 27 , 2346. 

Methylene dimalonic ester. 

32 grams malonic ester 
8 „ formaldehyde solution 40 per cent. 

0*5 gram piperidine (or diethylamine). 

The mixture of malonic ester and formaldehyde is cooled in ice 
before adding the piperidine and is then left for 12 hours in a closed 
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vessel at the ordinary temperature. It is then heated on the water* 
bath for several hours. The water, which now separates, is removed 
and the oily layer distilled in vacuo. By keeping the temperature 
at 50® until the water is driven off, previous dehydration of the 
liquid is unnecessary and the liquid boils quietly. The oil distils 
at 200 — 20$^ at 20 mm. The yield is 26—27 grams. 

2CH,(C00C,H,), + CH.O = CH,<gHjCOOC.H,), ^ 

Mpthylene dijnaJomc #*ster. 

Glutaric acid. 


JO grams methylene dimalonic ester 

10 c.c. cone, hydrochloric acid (in 10 c.c. water). 

The mixture is boiled with reflux condenser for 6 hours, when 
the oil gradually disappears. The liquid is then evaporated to 
dryness on the water-bath and the semi-solid glutaric acid distilled 
in vacuo. It boils at 185 — 195° at 10 mm. A little anhydride is 
formed, which may be lemoved by warming with a lew drops of 
water. The distillate on cooling solidifies and may be crystallised 
from benzene, m.p, 97 — 98®. The yield js about 3 grams. 


CH ^CH(C00C,H5), 


rw ^CH(C 00 H )4 


^CH^ COOH 


Cilutanc acid. 


2Q0r 


Chloral Hydrate, CClg.CH^Qjj 

Liebig, Annalen, 1832 , 1, i8g; Dumas, Ann. Chim. Ph\$ , 1 S 34 , 

66 . 123. 

Chloral hydrate is obtained by the action of chlorine upon ethyl 
alcohol. The solid chloral alcoholate is formed, CCl3.CHOH.OC2lI$, 
which, when decomposed with sulphuric acid, yields chloral, 
CCI3.COH, a liquid which combines with water to form the crystalline 
hydrate. 

Pfoperiies . — It crystallises in prisms, which dissolve easily in 
water, alcohol, and liquid hydrocarbons. It has a peculiar smell ; 

57^ i 97 '5*"* volatilises on evaporating its aqueous 

solution. 
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Reactions^ — i. Add a few drops of a solution of chloral hydrate to 
a little ammonio-silver nitrate solution and warm. Metallic silver 
will be deposited. 

2. Add a little caustic soda to a solution of chloral and warm 
gently. The heat of the hand is sufficient for the purpose. A smell 
of chloroform is at once apparent, CCl3.Cn(OH)2 + NaOH = 
CHCI3 + HCO.ONa -f’ HjO. Sodium formate remains in solution. 

3. Add a few drops of ammonium sulphide solution and warm 
gently. A brown coloration or precipitate is formed. 

Preparation 40. 

Diehloraeetic Aeid, CHCI^.COOH. 

Wallach, Annalen, 1874, 173 . 295; Pucher, /, Amer. Chem. Soc., 
1920, 42 , 2231. 

50 grams chloral hydrate (in 150 c.c. of water) 

20 ,, sodium cyanide (in 55 c.c. of water). 

The solution of chloral is heated on the water-bath to 40°, and 
whilst the solution is stirred by a mechanical stirrer (see p. 112); 
the solution of sodium cyanide is slowly added in the course of an 
hofir, the temperature being maintained below 50®. The mixture 
is then stirred for another hour and finally evaporated to dryness 
in a basin on the water-bath. The crude sodium salt of dichlor- 
acetic acid is powdered, and transferred to a wide-mouthed bottle 
provided with a rubber cork carrying inlet and outlet tubes and 
a stirrer with mercury seal (see p. 162). 

Sufficient benzene is poured on so as* to cover the acid, 
which is cooled in ice and hydrochloric acid gas passed into the 
mixture through the inlet tube until saturation is complete (about 
4 hours). The benzene solution is filtered from the sodium chloride 
and dehydrated over anhydrous sodium sulphate. The l^enzene 
is removed by distillation from a water-bath at 60*^ under somewhat 
reduced pressure and the residue distilled in vacuo at 102—104° 

20 mm. Yield about 20 grams. 

CCla.CHO.HjO -f NaCN HCN + NaCl -f CHClj.CO.OH 

Dichlordcetic acid. 

Propdfties. — Colourless liquid, b.p. 190° at the ordinary pressure, 
sp. gr. i'S22 at 15°, solidifies below 0°. 
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U^mtion . — Boil gently with reflux a little dichloracetic acid 
for half an hour (see Appendix, p, 369} with ten times its volume 
of water and test for glyoxalic acid as follows ; Pout a few drops 
of the glyoxalic acid solution into a test-tube, add a few c.c. of 
egg-albumin or gelatin solution, mix and pour carefully down the 
inclined side of the test-tube a layer of cone, sulphuric acid. At 
the division of the two layers a violet ring is developed. 

CHClj.COOH + HjO = CHO.COOH + 2HCI. 

Glyoxalic aad. 

See Appendix^ p, 396. 


Preparation 41. 

Triehloracetle Acid, CCl3.CO.OH. 

Dumas, Compt. rend., 1838, 8, 609; Clermont, Ann, Chtm. Phys., 
1871, (b). 6 , 135. 

25 grams chloral hydrate 

20 „ fuming nitric acid ; sp. gr. 1*5 (see p. 24). 

The chloral hydrate is melted in a distilling flask (250 c.c.) and 
the fuming nitric acid added.* The mixture is heated carefully 
over a small flame until the reaction sets in. After a few minutes 
red fumes are evolved, consisting mainly of nitrogen tetroxide. 
The reaction proceeds without the application of heat, and is com- 
plete when, on warming the liquid, nitrous fumes cease to come off. 
The product is now distilled ; below 123° excess of nitric acid distils ; 
between 123° and 194° a mixture of trichloracetic acid and a small 
quantity of nitric acid pass over, and at 194 — 196® nearly pure 
trichloracetic acid collects in the receiver and solidifies on cooling. 
It is advisable to distil the last fraction with a condenser-tube only. 
The fmetion boiling at 123 — 190® is treated with a fresh quantity 
of fuming nitric acid (10 c.c.), and the product purified as before. 
Yield, 10 — 15 grams. 

Ca^.COM 4. O ^ CCI3.CO.OH. 

Tncbk;»rac 4 >ttc aetd. 

Properties, — Colourless, rhombohedral crystals; m.p. 52®; b.p. 
193®. See Appendix, p. 396. 
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Preparation 42. 

CO.OH 

Oxalic Acid, | +2H2O. 

CO.OII 

Scheele {1776), Naumann, Moeser, Lindenbaum, J. praki, Ckem,, 
1907* 75 , 146. 

140 c.c, cone, nitric acid 
20 grams cane-sugar 
0*1 gram vanadium pentoxide. 

The nitric acid is warmed gently on the water-bath in a large 
flask (i litre) with the addition of the vanadium pentoxide. It is 
then placed in the fume cupboard and the cane-sugar at once 
added. As soon as torrents of brown fumes begin to be evolved^ 
the flask is placed in cold water. After the reaction has ceased the 
liquid is left for twenty-four hours^ when colourless crystals of the 
acid separate. A further small quantity may be obtained from the 
mother liquor on standing. The crystals are drained on a small 
porcelain funnel without filter paper, and recrystallised from a very 
small quantity of water. Yield, 15—20 grams. 

A quantity of mesoxalic acid remains in the mother liquor 
(Chattaway). 

Properties . — Colourless crystals, which, on heating to 100®, 
lose their water of crystallisation, melt, and then partly sublime 
and partly decompose, giving off carbon dioxide and formic acid. 
M.p. of the hydrated crystals 101*5°. Soluble in water and in 
alcohol, very slightly soluble in ether. 

Reactions.— J. Boil a little of the acid with ammonia solution 
until neutral, and add calcium chloride solution. A white precipi- 
tate of the calcium salt is obtained, which is insoluble in acetic acid. 

2. Add to a solution of the acid a few drops of dilute sulphuric 
acid, and warm gently. On adding permanganate solution it is 
immediately decolorised, 50^2^4+ 2KMn04+ 3112804= 10CO2 
+ 8H2O + K2SO4 + 2MnS04. 

3. Heat two or three grams of the crystals with about 5 c.c con- 
centrated sulphuric acid. Rapid effervescence occurs, and the 
gas may be ignited at the mouth of the tube, C2H2O4 — H2O = 
CO + COg. See Appendix j p. 397. 
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Preparation 43. 

CO.OCH3 

Methyl Oxaliite, I 

CO.OCIIs 

Dumas, Pehgot, Ann. Chtm. Phys., 1836, 58 , 44; Erleumeyer, 1874, 
Rep. Pharm. (2), 23 , 43^- 

70 grams crystallised oxalic acid 
50 (63 cx.) methyl alcohol 

The oxalic acid is powdered and heated in a basin on a water- 
bath, W'hich is kept boiling briskly, until no more water is given oif 
(one to two hours). It must be occasionally stirred and powdered. 
It is then heated to 110 — 120^ in an air-bath or in a Victor 
Meyer drying apparatus (see p. 28) until it loses the weight corre- 
sponding to two molecules of water. If the Victor Meyer apparatus 
is psed, amyl alcohol, b.p. 132*^, should be placed in the outer jacket.^ 

The dehydrated and powdered oxalic acid is mixed with the 
methyl alcohol, and the mixture heated on the water-bath for two 
hours with an upright condenser. The liquid is then distilled 
with a thermometer. When the temperature rises to 100° the 
receiver is replaced by a beaker, and the water-jacket of the con- 
denser removed. The thermometer rises rapidly to the boiling- 
point of methyl oxalate, 160 — 165°, and the distillate solidifies in 
the receiver. It is drained at the pump and -dried. It may be 
recrystallised from spirit. Yield, 20 — 25 grams, 

CaH ,04 2 CHjOH= -f 2 H ,0 

Methyl oxalate. 

Properties . — Colourless plates ; m.p. 54°; b.p. 163''. 

Reactions. — For this purpose the alcoholic mother liquor from 
the ctystals may be used. 

1. Add a little caustic potash solution. Crystals of potassium 
oxalate are deposited. Jhe ester is hydrolysed, 

2. Add a few drops of concentrated ammonia. A white crystal- 
line |)recipitate of oxamide is formed, €202(00113)2+ 2N}] 3 = 
C^Os^Niya+aCHgOH. 

^ Oxalic acid may be dehydrated by heating with carbon tetra- 
chloride on the water-bath when the water distils with the carbon 
tetrachloride (/. Amer. Chm* Soc., 1921, 43 , 366). 
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Preparation 44. 

CO.OCJI5 

Ethyl Oxalate, | 

CO.OC2II5 

Fittig, Grnndrtss der oyg. Chem., loth ed p. 198; P. K. Putt, Trans. 
Chem. Soc., 1923, 128 , 2714- 

100 grams oxalic acid (crystals) 

I litre absolute alcohol. 

The oxalic acid and 200 c.c. of the alcohol are placed in a wide- 
mouthed round flask^ fitted with a rubber stopper and furnished 
with an inlet tube reaching almost to the bottom of the vessel and 
a fractionating column, connected with a long condenser. The 
flask is heated in a water-bath and when the liquid begins to boil 
the vapour of about 800 c.c. of absolute alcohol from a second flask 
is passed in through the inlet tube. The alcohol which distils 
carries over both the water of crystallisation and the water separated 
in the process of esterification. This alcohol can be dehydrated and 
presejTved for other purposes. The residue in the flask is distilled 
w ith a fractionating column over wire-gauze and the fraction boiling 
above 130° collected. It is dehydrated over calcium chloride 
and redistilled. The final distillate is collected at 184 — 186*^ and 
is the pure ester. Yield, about 90 grams. 

COOH COOC.H. 

I 2H/) + ^ I -h 4HaO. 

COOH eOGCgH. 

Fthyl oxalate. 

Properties . — Colourless liquid, with a faint ethereal smell; b.p, 
185"^, sp, gr. 1*086 at 15°. 

Reaction . — Add to a few* drops of the ester a few drops of cone, 
ammonia. A colourless crystalline powder of oxamide is precipi- 
tated. 


C,03(0C*H,), -f 2NH3 4- 2C,H,0H. 



126 


PRACTICAL OEOANIC CHEMISTRY 


Preparation 45. 

Oxaloacetic Ester, 

W. Wislicenus, Annahn, 1897, 295 , 347. 

73 grams ethyl oxalate 
400 c.c. dry ether. 

11*5 grams sodium wire 
55 ethyl acetate. 

The sodium wire is squeezed into a i litre Erlenmeyer flask 
containing the ether and the ethyl oxalate added. The flask is 
then attached to a reflux condenser through the top of which the 
ethyl acetate is slowly dropped from a tap-funnel. The reaction 
soon starts and when the ethyl acetate has been added the flask is 
heated on the water-bath to about 30"^ until the sodium has passed 
into solution (about li hours). A dark-coloured solution is obtained 
which on leaving overnight sets to a yellow solid. The contents 
of the flask are next transferred to a linen bag and the solvent is 
squeezed out in a screw press. The solid cake of the sodium salt 
is then spread on a porous plate and left in a vacuum desiccator. 
In order to prepare the free ester, the sodium salt is mi.xed with 
160 c.c. of water, covered with ether and gradually acidified with 
dilute sulphuric acid. The ether is separated, washed with dilute 
sodium carbonate solution and dried over calcium chloride. The 
ether is removed by distillation on the water-bath and the residual 
ester distilled in vacuo over wire-gauze. It boils at 125 — 130® 
at 20 mm. Yield, 25 — 30 grams. 

C4H6O.CO.CO OCjHj -f- CH3 COOCoHft -f Na 

CjH60.0C.C(0Ka) CH.COOCaHjj C^HaOH + H. 

Sodium oxaloacetic ebter 

The reaction probably proceeds in a manner similar to the formation 
of acetoacetic ester (see p. 103). 

Properties, — ^Thick, colourless oil with very little smell ; decom- 
poses on heating at the ordinary pressure ; sp. gr. i'r59 at 23''. 

Reaction , — Add to a dilute alcoholic solution of the ester, a drop 
of ferric chloride. An intense red coloration is produced. It 
forms a copper salt of the formula (CgIIii05)jjCu crystallising in 
bright green needles in the same way as acetoacetic ester (see p. 103). 
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Preparation 46. 

Glyoxallc Acid (Glyoxylic Acid), CHO.COOII + Efi. 
Glycollic Acid, CHpH.COOlL 

Tafel and Friedrichs, Ber , 1904, 37 , 3187; Ceniralhlait, 1905 II, 
1699. 

20 grams oxalic acid (in fine powder) 

100 c.c. sulphuric acid (10 per cent.). 

The process is one of electrolytic reduction and the apparatus 
is similar to that shown in Fig. 75, p. 160. It consists of a small 
porous cell (8 cm, x 2 cm. diam.) surrounded by a narrow beaker 
(11 cm. X 6 cm. diam.). The oxalic acid, mixed with 100 c.c. 
10 per cent, sulphuric acid (titrated against standard baryta 
solution) forms the cathode liquid and is placed in the beaker. 
The porous cell is filled with the same strength of sulphuric acid 
and forms the anode liciuid. The electrodes are made from ordinary 
clean .sheet lead. The anode consists of a thin strip projecting 
ai)out two inches from the cell and the cathode is made from a 
rectangular piece 10 x 15 cm. with a long tongue, the square 
porlfion being bent into the form of a cylinder surrounding the porous 
cell, and the projecting tongue serving as attachment to the circuit. 
It is advisable to reverse the current before use so as to produce 
a metallic surface. 

The whole apparatus is placed in a good freezing mixture. The 
electrodes are connected in circuit with an ammeter and resistance 
as described on p. 160, The reduction requires theoretically 9 
ampere-hours and the strength of current may vary between 
moderately wide limits (2 — 6 amperes) per 100 sq. cm. of cathode 
surface. The cathode liquid should be frequently stirred so as to 
bring the suspended oxalic acid into solution, and, as the yield of 
glyoxalic acid depends on efficient cooling, it is important that the 
temperature should not exceed lo"^. If the temperature is allowed 
to rise, glycollic acid is formed. The glyoxalic acid is separated 
as the calcium salt. The catlrode liquid is poured into a basin 
and the sulphuric and unchanged oxalic acid precipitated with 
standard baryta solution. The mixture is filtered and the filtrate 
is concentrated in vacuo at 60° (see p. 342), neutralised in the cold 
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with calcium carbonate, boiled up for a short time and filtered. 
As calcium glyoxalate is only slightly soluble in cold water (i f^rt 
in 140 of water at 18®) the greater portion crystallises on cooling. 
If calcium glycollate, which is much more soluble, is present, it 
may be separated from the filtrate by concentrating the solution 
on the water-bath and precipitating with spirit. To obtain free 
glyoxalic acid, the calcium salt is dried and suspended in water, 
the calculated quantity of oxalic acid added and the mixture 
filtered. The filtrate is evaporated in a vacuum desiccator, when 
the glyoxalic acid remains as a viscid liquid which may crystallise 
on long standing, 

COOH.COOH + Ha ^ CHO.,COOH + HjO. 

Glyoxalic acul. 

Properties , — Crystallises in rhombic prisms; very soluble in 
water. 

Reactions, — i. Add a few drops of the acid solution or solution 
of the calcium salt to a few c.c. of ammonia-silver nitrate and warm 
in hot water. A silver mirror is deposited. 

2, To the acid, neutralised with potassium carbonate, or to the 
solution of the calcium salt, add a solution of phenylhydrazine 
acetate and a little sodium acetate. The phenylhydrazone separates 
on standing in minute yellow crystals, which can be recrystallised 
from alcohol. The neutral salts also combine w^ith sodium bisul- 
phite and hydroxylamine. 

Glyeollie Acid. — If it is required to convert the oxalic acid 
completely into glyeollie acid, the same method is employed as 
described above, but the temperature is raised to 35® and the 
number of ampere-hours is doubled. The separation from 
glyoxalic acid is effected by its conversion into the calcium salt 
and fa-ecipitation with alcohol as already described. 

COOH.COOH -f- = CHjOH.COOH -f Hfi, 

# Glyeollie acid. 

Properties, — Crystals, m.p. 79 — very soluble in water. The 
air-dried calcium salt contains three molecules of water of crystallisa- 
tion and is soluble in 80 parts of water 1 5® ; and in 19 parts at 100®. 
See Appendix^ p. 397. 
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Glycerol (Glycerin), Cn2(OH).CH(OH).CH2(OH). 

Scheele, Opusc., 1779, 2, 175 

Glycerol is obtained by the hydrolysis of fats and oils, and 
purified by distillation under reduced pressure with superheated 
steam. 

Properties . — A viscid, colourless liquid, with a sweet taste ; m p. 
17°, b.p. 290°. It boils, under ordinary pressure j with partial 
decomposition forming acrolein; sp. gr. 1*269 at 12°; misdble 
with water and alcohol ; insoluble m ether and the hydrocarbons. 

Reactions. — i. Heat a few drops of glvcerol with some powdered 
potassium hydrogen sulphate. The irritating smell of acTolein is 
at once perceptible. 

2. Make a borax i)ead and dip it into a solution of glycerol and 
bring it into the flame. A green coloration due to boric acid is 
produced 

3. Prepare the tribcn 70 \l ester b\ shaking together 4 grams of 
glycerol, 3 grams of caustic soda ^ in 30 ( .( of water and adding 
gradually and shaking at the same time 3*5 grams of benzoyl 
chlojride. The mixture becomes warm after each addition. When 
the ben/ocl chloride has been added and the mixture begins to cool, 
heat for a few^ minutes on the water-bath and then let it stand for a 
day or so, when the \ iscid liquid slowl) solidifies. Decant and w^ash 
bv decantation, press on a porous plate and cr>stallise from hgroin. 
Glycer\l tnbenzoate, f 3H5(O.CO('6ll5)3, melts at 76"". 

-f q aNaOD i ,{OLO(. , q sNaCl -f 

3H2O. 

^ In the alx>ve reaction, in place of caustic soda, pyridine may be 
substituted, in which case 12 grams ol pyridine are used as follow’s 
The glycerol and pyndine are mixed together and cooled to o® and 
the benzoyl chlonde is added gradually, the temperature being main- 
tained below 10® and the mixture well shaken The liquid becomes 
pale yellow, which changes to orange If the mixture ultimately 
becomes too viscid, the temperature may be raised to 25° After 
standing overnight, the product is poured into ice-cold water, the 
aqueous layer {containing pyridine hydrochloride) decanted and the 
oil dissolved in ether The ether extract is washed w’th dilute hydro- 
chloric acid to remove pyndine and then wnth dilute sodium carbonate, 
dehydrated over lalcium chlonde, the ether removed and the tn- 
benzoyl ester left till it solidifies. 

COHEn's P. 0. C, K 
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Preparation 47. 

Formic Acid, H.CO.OH. 

Berthelot, Ann, C/um. Phys,t 1856, (3) 46 , 477; Lovin, Bull, Soc, 
chim,, 1866, (2) 5 , 7; 1870, (2) 14 , 367. 

50 grams anhydrous glycerol 
200 „ oxalic acid (in four portions of 50 grams). 

The glycerol is dehydrated by heating it gently in a basin on 
a sand-^bath until a thennometer with the bulb immersed in the 
liquid indicates 175°. Fifty grams of commercial crystallised 
oxalic acid and 50 grams of glycerol are heated in a retort (250 c.c.) 
over wire-gauze, with condenser and receiver. A thermometer is 
fixed through the tubulus with the bulb in the liquid. The reaction 
begins at about 80^^, and at 90® proceeds briskly, carbon dioxide 
being evolved. The temperature is maintained at 105 — 110“ 
until the evolution of gas has slackened. Some aqueous formic 
acid has meanwhile collected in the receiver. I'he contents of the 
retort are now cooled to about 80° and a further 50 grams of oxalic 
acid added. The reaction recommences on heating, with the 
formation of aqueous formic acid, which becomes more concentrated 
with each fresh addition of oxalic acid until the distillate eventually 
contains 56 per cent, of acid. The other portions of oxalic acid 
are added in the same way. In order to regain the formic acid 
which remains as monoformin in the retort, the contents are trans- 
ferred to a round flask, diluted with about 250 c.c. of water and 
distilled in steam, until the distillate has only a faintly acid 
reaction. 

Distillatioil in Steam* — The apparatus for distilling in steam is 
.shown in Fig, 68. A large flask, or, preferably, a i -gallon tin is 
closed by a double-bored cork. A safety-tube passes through one 
hole, and a bent tube which terminates below^ the cork passes 
through the second hole and is attached by rubber tubing to the 
inlet-tube of the distilling flask (i litre). The flask is sloped to 
prevent the contents being splashed ov^er into the condenser. 
It is heated on the sand-bath or asbestos board to boiling, and 
Steam passed in. The united distillates are poured into a basin 
and neutralised by adding lead carbonate until, on heating, no 
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further effervescence occurs. The liquid is now left for a moment 
to settle^ and the clear solution decanted, whilst hot, through a 
fluted filter. The residue in the basin is boiled up again with a 
volume of water equal to that decanted, and again a third and 



fourth time, and filtered hot ea('h time until no more lead formate 
is dissolved. The lead fomiate will have now passed into solution, 
and the liquid is then evaporated down on a sand-bath or ring- 
burner (see Fig. 69), until crystals «ippcar on the surface, when the 
liquid is put on one side to (ool. Lead formate crystallises out in 
long white needles. Yield about 150 grams. 

In order to obtain pure formic acid, hydro- 
gen sulphide is passed over the heated lead 
salt. It is carried out as iollows : — 

The powdered salt, dried on the water- 
bath, is introduced in a long layer into a 
sloping wide tube, loosely stopped at the 
lower end by a plug of glass wool or as- 
bestos.* To the lower end of the tube a 
receiver, in the form ol a distilling-fiask, is 
attached, which is protected from moisture by a drying- tube. The 
salt is heated gently by moving a flame along the tube whilst 
hydrogen sulphide, washed through water, and dried by passing 
through a U-tube containing calcium chloride, is led over the salt 
in not too rapid a stream. The lead formate blackens, and is 
slowly converted into lead sulphide and formic acid, whii'h drops 
into the receiver. The acid, which retains a strong smell of 



Fig. oq. 
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hydrogen sulphide, is freed from the latter by distillation over a 
little dry lead formate. The yield is nearly theoretical. 

CaH5(OH)5 -f* C^HjOi — 

Glycerol monoxalm, 

^•^'acA^cooH = 

Glycerol monofornnn 

= hco.oh + c,H5 (OH),. 

Fconic acid. 

Properties , — Colourless liquid, with a penetrating smell resembling 
sulphurous acid; b.p. ioo°; sp. gr. i’223 solidifies below 

0° to colourless crystals; m.p. 8*6°; soluble in water and alcohol. 

Reaciiofis . — For the following tests use a neutral solution pre- 
pared as follow^s : Boil a little lead formate with a solution of 
sodium carbonate, filter, add a slight excess of nitric acid, boil a 
minute, add dilute ammonia and boil until neutral. 

1. Add a drop of ferric chloride. A red coloration is produced, 
which, on boiling, becomes turbid from the formation of basic 
ferric formate. (Compare acetic acid, p. 86.) 

2, Add to the solution a few^ drops of a solution of silver nitrate 
and warm. Metallic silver is deposited as a black powder. 

3. Add to the solution a few drops of a solution of mercuric 
chloride and warm. White mercurous chloride is deposited. 

4, Add concentrated sulphuric acid to a little formic acid, 
solid lead formate, or other salt and heat. Carbon monoxide 
is evolved, and may be lighted at the mouth of the test-tube 
(HC00)2Pb -f H2SO4 = PbSO^ + 2II2O + 2CO. See Appendix, 
p. 398. 


Preparation 48. 

Allyl Alcohol, CH^rCIT.f II2OH. 
tollens, Heniynger, Annalev, 1870, 156 , 120. 

Method I. 

50 grams oxalic acid 
200 „ glycerol 

i gram ammonium chloride. 

A itiixture of the above substances is heated in a retort (J litre) 
over Wire-gauze with condenser and receiver.* A rapid evolution 
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of carbon dioxide at first occurs, and the temperature^ indicated 
by a thermometer dipping into the liquid, remains for some time 
stationary at about 130°. As the temperature slowly rises the 
evolution of gas slackens, and after a time (at about 180°) entirely 
ceases. When the temperature has reached 195° the receiver, 
which contains aqueous formic acid, is changed. At 200 — 210° 
carbon dioxide is again given off, and oily streaks are observed 
to run down the neck of the retort , at the same time a disagree- 
able penetrating smell is perceptible. By gently heating the 
contents of the retort, a temperature of 220 — 230® is maintained 
for some time, and when it has finally risen tQ 260° the distillation 
IS stopped. The distillate is a mixture ol allyl alcohol and water, 
and there is also present allyl formate, glycerol, and acrolein. 
Excess of glycerol remains in the retort and may be used again 
by repeating the operation with a smaller quantity of oxalu acid 
(30 — 40 grams) until the residue is too small or has become dark- 
coloured and thick. The distillate is submitted to a second dis- 
tillation, which is continued until no oily ]a}^er separates from 
the latter portions which distil, on treating with solid potassium 
carbonate. This occurs when the temperature reac'hes about 105'^ 
On*adding solid potassium carbonate to the distillate, the allyl 
alcohol settles out as an oil. This is separated and distilled. 
Yield about 15 «rams, boiling at 92- — 96"^. 

1- C 3 HP 3 - C3H,(0H), O CO H -I 11,0 4- CO, 

Cihcirol monofornun 

C 3H3(0H), O CO H CjH^Oll + II 3 O 4 CO, 

A1J> 1 alcohol 


Method II. 

Organic Syntheses, Vol I p 15. 

70 grams commercial formic acid (85 per cent.) 

200 „ glycerol. 

The mixture of formic acid and glycerol is heated in a half- 
litre flask attached to a condenser and receiver.* A thermometer 
is inserted through the cork of the flask so that the bulb is m the 
liquid and a few pieces of porous pot are introduced. The tem- 
perature of the mixture is raised as quickly as possible by means 
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of a ring burner; carbon dioxide is evolved and liquid distils. 
The heating is continued until the temperature reaches 195*^, 
when the receiver is changed and the temperature raised to 260®. 
The liquid which collects at 195 — 260® is about 74 c.c. The dis- 
tillation is then stopped and when the temperature has fallen to 
120 — 130® a further addition of 50 grams of formic acid is made. 
The flask is again rapidly heated as before and the fraction dis- 
tilling at 195 — 260° collected separately as before (45 c.c,). The 
process is again repeated, when a further 36 c.c. of distillate are 
obtained, about 50 c.c. remaining in the flask. To the combined 
distillate (195 — 260®) a quantity of solid potassium carbonate is 
added, when an oil separates on the surface and is removed. The 
aqueous portion is extracted with small quantities of ether, which 
is added to the oil and the whole dehydrated over fresh potassium 
carbonate. After removing the ether, the residue distilled at 
90 — 95®. The yield is 42 grams (34 per cent.). 

C,H3(0H), + HCO,H = + H,0 

= C,H,OH -I H,0 4 CO,. 

Properties . — Colourless liquid, with a pungent odour ; b.p. 
96*5®; sp. gr. 0-858 at 15®. 

Reaction , — Add bromine water to a little of the allyl alcohol. 
It is immediately decolourised, CgHgOII + Br^ == CaH^Br^OH. 
See Appendix, p. 398. 


Preparation 49. 

Isopropyl Iodide, CH3.CllI.CIf3. 

Markownikoff, Annalen, 1866 , 138, 364 . 

60 grams iodine 

40 glycerol 

32 ,, water 

II „ yellow phosphorus. 

The iodine, glycerol, and water are placed together in a retort 
(250 C.C.), standing over wire-gauze and attached to a condenser 
and receiver. The phosphorus is cut up under a layer of water 
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into small pieces, the size of a pea, and, with crucible tongs, dropped 
gradually into the retort. The introduction of the phosphorus 
generally produces at the beginning a violent reaction, often 
accompanied by a vivid flash. If no reaction occurs on adding 
the first few pieces of phosphorus the retort must be warmed 
gently. The last two-thirds of the phosphorus may be added more 
quickly. The contents of the retort are now distilled as long as 
any oily liquid passes over. The distillate is poured back into 
the retort and redistilled. The liquid is then shaken up with dilute 
caustic soda solution in a separating-funnel, the isopropyl iodide 
separated, dried over calcium chloride, poured off and fractionated 
in a distilling flask. It distils entirely at 88—89°. Yield, 30 — 35 


grams. 

I. 

PI, + 3H,0 

= 3 HI + H,PO,. 

2. 

CHjOH 

CH,I 


I I 

ZHOH -f 3HI - CHI + 3H2O 

Propenyl traodide. 



3 - 

CHJ 

CH3 

# 


(^HI + 2HI 

1 

= c;hi + 2I3 



CHgl 

i:H3 

Isopiopvl iodide. 


Propenyl triiodide is probably formed as an intermediate product, 
though it does not exist in the free state. 

Properties . — Colourless liquid; b.p. 89*5°; 'sp. gr. 1*744 at 0°. 
See Appendix, p. 399. 

Preparation 50. 

Dichlorhydrin, ClCHg.CHa.CTIgCl. 

CHgCl.CILCH. 

Epichlorhydrin, 

Reboul, Annalen, SpL, 18O1, 1, 221 ; Organic Syntheses, Vol. II. p. 29, 
and Vol. ill. p. 47. 

200 grams glycerol 
160 c.c. glacial acetic acid. 
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The glycerol, which must be dehydrated (see p. 130), is mixed 
with an equal volume of glacial acetic acid. Hydrochloric acid 
gas (see Fig. 98, p. 363) is passed into the cold liquid for about 
two hours, when it ceases to be absorbed. The mixture is now 
heated on the water-bath, and, after standing twenty-four hours, 
the current of gas is continued for about six hours more. The 
liquid is distilled with a thermometer.* Hydrochloric acid is 
first given off, together with acetic acid. As the temperature 
rises, the dichlorhydrin and acetodichlorhydrin distil. The portion 
distilling at 160 — 210°, consisting mainly of dichlorhydrin, is 
collected separately and used for the preparation of epichlorhydrin. 
Yield of dichlorhydrin about 120 grams. Epichlorhydrin is 
obtained by the action of aqueous potash solution upon the dichlor- 
hydrin, A solution of 100 grams of caustic potash in 200 c.c. 
of w'ater is well cooled and poured slowly, with constant stirring, 
into the dichlorhydrin. Rise of temperature must be carefully 
avoided. The epichlorhydrin is separated from the product by 
adding ether, which dissolves out the epichlorhydrin. The upper 
layer is separated, shaken up with a little water, and again separated. 
It is then dehydrated over calcium chloride and decanted into a 
round flask. The ether is first removed on the water-bath. The 
residue is then fractionally distilled. This is effected by attaching 
a fractionating column to the flask (see p. 152). The portion 
boiling at 115 — 125° is epichlorhydrin, and is collected separately. 
The portion boiling above this temperature consists mainly of 
acetodichlorhydrin. Yield, 25 — 30 grams. 

CH 2 OH.CHOH.CH 2 OH + HCl = CH,C1 C'HOH.CHjjOH + H^O. 

a-Monochlorhydriii. 

CH.Cl.CHOH.CHjOH + HCI = CHgCl.CHOH.CH.CI + H,0. 

oa-DichJorbyd rin 

CH.Cl.CHOH.CHjCl + KOH = CHj.CH.CHjCl + KCl + H,0. 

, Epichlorhydrin. 

Properties . — Mobile liquid, with an ethereal smell; b.p. 117°; 
sp. gr. 1*203 at o®. 

Reaction , — Warm a little of the epichlorhydrin with caustic 
potash solution. It dissolves, forming glycerol. See Appendix, 
p, 399* 
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CH(OH).COOII 

Malic Acid, | 

CHa.COOH 

Malic acid is prepared from the juice of the mountain ash berries 
by precipitation as the calcium salt. 

Properties . — It is soluble in water and alcohol, but not in ether. 
On heating, it loses water and is converted into fumaric and maleic 
acids (see p. 405). On oxidation it gives malonic acid and on 
reduction succinic acid. 

Reactions. — i. Make a strong neutral solution, add calcium 
chloride solution and boil. The calcium salt is precipitated. 

2. Mix about 0*5 gram each of powdered malic acid and resorcinol, 
and add i c.c. of concentrated sulphuric acid. Warm the mixture 
for a moment over the dame until it begins to froth. On cooling and 
adding water and caustic soda solution, an intense blue fluorescence 
is produced (von Pechmann). 


Preparation 51. 

Succinic Acid (Ethylenedicarboxylic Acid), 
('OOH.CIl2.Cn^.COOII. 

Schmitt, Annalen, i860, 114 , 106. 

10 grams malic acid 

30 „ hydriodic acid (see p. 363) 

2 ,, red phosphorus. 

The malic acid is dissolved in the hydriodic acid and poured 
into a stout-walled tube for sealing. The red phosphorus is added, 
and the tube sealed in the usual way (see p. 26). It is heated in 
the tube-furnace for six hours at 120°. On removing the tube it 
is found to be filled with crystals of succinic acid mixed wth 
iodine. The contents are poured into a basin and evaporated to 
dryness on the water-bath. The residue, when cold, is stirred 
with a little chloroform to dissolve the free iodine, which is then 
decanted, and the process repeated if necessary. After warming 
to drive off the chloroform, the substance is dissolved in hot water 
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and set aside to crystallise. Succinic acid crystallises in long 
prisms. Yield, 5 grams. 

COOH.CHOH.CHa.COOH + 2HI = COOH.CHa.CHg.COOH 

-f* HjO 4“ la* 

Properties , — Colourless prisms; m.p. 180®. On distillation, the 
acid loses water and is converted into the anhydride. 

Reaction , — Make a neutral solution by boiling with an excess 
of ammonia, and add to one portion, calcium chloride; no pre- 
cipitate is formed ; to another portion add a drop or two of ferric 
chloride ; a brown precipitate of ferric succinate is thrown down. 
See Appendix, p. 400. 


CTl(OII).rOOH 

Tartaric Acid (Dihydroxysuccinic Acid), | 

Cn(OH).COOH 

Schcele {1769). 

The acid potassium or calcium tartrates are found in many 
plants; but the chief source of tartaric acid is the impure acid 
potassium salt, which separates out as wine-lees, or argol from 
grape-juice in process of lermentation. 

Properties . — The acid crystallises in monoclinic prisms, soluble 
in alcohol and water, but not in ether. It turns the plane of 
polarisation to the right; m.p. 167 — 170"^. 

Reactions. — i. Heat a crystal of the acid. It gives an odour 
resembling burnt sugar. (Carefully neutralise a solution of tartaric 
acid with caustic soda, and make the following tests : — 

2. Add calcium chloride and stir wdth a glass rod. A crystalline 
precipitate of calcium tartrate, C4lT40gra -f 4H2O, is formed which 
dissolves in acetic acid and caustic alkalis. Repeat the foregoing 
test, but add a few drops of acetic acid before the calcium chloride. 
There is no precipitate. Calcium sulphate also gives no precipitate 
with tartaric acid or neutral tartrates (compare reactions for oxalic 
acid, p. 123). 

3. Add silver nitrate solution. The white precipitate is the silver 
salt. Add two or three drops of dilute ammonia until the precipitate 
is nearly dissolved, and place the rest-tube in a beaker of hot water. 
A silver mirror will be deposited. 
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4. Add a few drops of acetic acid and a little ammonium or 
potassium acetate solution to a moderately strong solution of 
tartaric acid or a neutral tartrate. On stirring with a glass rod, the 
acid potassium or ammonium tartrate will be precipitated. 

5. To a solution of tartaric acid or a tartrate in water add a drop 
of ferrous sulphate solution and a few drops of hydrogen peroxide 
and make alkaline with caustic soda. A violet coloration is 
produced (Fenton^s reaction). 

Preparation 52. 

cn(OH).co.or2ii5 

Ethyl Tartrate^ | 

c:ii(oii).co.or2H5. 

Anschutz, Pictet, Ber., 1880, 18 , 1176. 

30 grams tartaric acid 
160 c.c. absolute alcohol. 

The tartaric acid is finely powdered and mixed with half the 
above quantity (80 c.c.) of absolute alcohol. The mixture is 
heated on the water-bath with upright condenser until dissolved. 
The flask is immersed in cold water, and the well-cooled solution 
saturated with dry hydrochloric acid gas (prepared in the usual 
way by dropping cone, sulphuric acid into cone, hydrochloric 
acid, see Fig. 98, p. 363). After standing lor an hour or two (or 
preferably o\ernight), the hydrochloric acid, excess of alcohol 
and water are expelled by evacuating the flask and distilling in 
vacuo on the water-bath. The remaining half of the alcohol is 
added to the residue, and the mixture again saturated in the cold 
with hydrochloric acid gas. After standing, the acid, alcohol and 
water are removed as before, and the residue is fractionated from an 
oil- or metal-bath in vacuo. The ethyl tartrate distils as a clear 
\dscid liquid. After a second distillation in vacuo the substance 
is pure. 

At II mm. it boils at 155®, 

„ 20 „ „ 164°. 

The yield is 80 per cent, of the theo^}^ See Appendix, p. 401. 

Determination of Rotatory Power. — ^The rotatory power of ethyl 
tartrate, which is an optically active substance, is determined by 
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means of a poianmeter. One of these instruments known as 
Laurent’s polarimeter is shown in Figs. 70 and 71. 

The monochromatic light of a sodium flame is used in these 
determinations and is obtained by suspending in a Bunsen or 
Mekker burner a platinum wire basket containing fused sodium 
chloride or the more volatile bromide. The latter gives a brighter 
flame, but the basket requires replenishing more frequently. 'I1ie 
light from the flame passes through a cell, b, containing a solution 
of potassium dichromate (or a crystal of this substance), which 
deprives it of blue or violet rays. It then passes through the 
polarising nicol prism p. A plate of quartz cut parallel to the 
optic axis covers half the opening, d, and is of such a thic'kness 



Fig. 72. 


that it produces a difference of a half-wave length (or an exact 
odd multiple of a half-wave length) between the tw'o rays, which 
it gives by double refraction. The light then passes through 
the substance placed in the tube, x, and entering at e strikes 
the analysing nicol n. The tele.scopc, oh, is focussed on the edge 
oi the quartz plate at d. When n is turned, a pointer moves 
over the graduated circle, c, and its position can be read by means 
of the lens, l. 

The Theory of the Instrument may be ex]>lained as follows : — 
If, after passing through the nicol, p, the plane of vibration is in 
the direction ob. Fig. 72 a, then in the half of the field to the right, 
uncovered by the quartz plate, it passes on unchanged. When it 
strikes the quartz the ray is broken up into the two components 
oy and ox. These traverse the quartz with different velocities, 
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and since one ray is retarded half a wave-length in respect of the 
other, the vibration of one component will be represented by oy, 
but the other must be represented by ox' instead of ox. These 
two combine on emerging to a plane polarised ray vibrating in the 
direction ob' so that the angle aob' is equal to the angle aob. 

If now (the tube containing water or other non-rotating liquid) 
the nicol n be so placed that it is parallel to nicol P, then the light, 
in the half of the field to the right, will pass through unchanged, 
but only a portion of the light which has passed through the 
quartz diaphragm with its plane of vibration in the direction ob', 
will pass through n and consequently there will be different inten- 
sities of illumination in the two halves of the field, Fig. 72 b (if 
the angle a is 45^^ then the angle bob will be 90®, and the li^ht 
in the left half of the field will be completely obscured) Similarly 
if the plane of the ni(‘ol n be made parallel to ob' there will be a 
greater intensity of illumination in the left half of the field, Fig. 
72 c. Between the two positions of the nicol n there must neces- 
sarily be one which gives uniform illumination of the whole field, 
and this is the zero point of th^ instrument, Fig. 72 d. 

If the tube t, containing the active substance, be interposed 
between the two nicols, then both rays ob and ob' will be rotated 
through equal angles, and to re-establish uniform illumination in 
the two halves of the field, the nicol n must be turned back through 
an angle equal to the angle of rotation, which is then measured on 
the divided circle. 

When the angle a is small, when the plane of vibration of 
the polarised light is almost parallel to the optic axis of the quartz, 
the greatest degree of sensitiveness is attained, for then a very 
small change in the position of n causes a great difference in the 
respective illuminations in the two halves of the field. As a 
increases, the sensitiveness diminishes, but a greater total intensity 
of illumination is obtained. By moving j (h'ig. 71) the position 
of the nicol p may be aftered. For clear colourless liquids the 
angle a may be made comparatively small; but in the case of 
coloured liquids it is necessary to have a larger, and so obtain a 
greater intensity of light at the cost of sensitiveness. 

Caleulation of Results ; Homogeneous Liquids.— The angle of 
rotation, represented by ot© (for sodium light), varies with the 
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length of the column of substance through which the light passes. 
One decimetre has been chosen as unit of length. The angle also 
varies with the temperature, which must consequently be deter- 
mined for each observation. 

For the comparison of the rotatory power of different sul^stances, 
use is made of the constant specific rotation^ which may be defined 
as the angle of rotation, produced by ^ gram of active substance 
in I c.c, by a layer i dm. in length. This is obtained by dividing 
the observed angle of rotation by the product of the length’ in 
decimetres, and the density of the substance at the temperature 
at which the observation was made. 


Molecular Rotation is the abo\e quantity multiplied by the 
molecular weight m of the compound, and divided by 100 to avoid 
unwieldy numbers, and is represented thus — 

[Mil, = . 1'° . '*’ 

It expresses the angle of rotation of 1 mm. of active substance 
containing i gram-molecule in i c.c. 

Rotation of Ethyl Tartrate. — Fill a 200 mm. polarimeter-tube 
with the tartrate prepared. Whilst it is settling determine the 
zero of the instrument, and if it does not coincide with the zero of 
the graduated circle, a corresponding corredion must be introduced 
in the subsequent observations. The tube is then placed in the 
instrument, and the angle of rotation determined by turning the 
analyser n until equality of illumination is established in the two 
halves of the field. In making polarimetric obscr\^ations reliance 
should not be placed on a single setting of the instrument, but at 
least five or six readings should be made, w^hich, with a good 
instrument, should not differ by more than four or five minutes. 
The temperature at the time of observation must be noted, and 
the density determined either at that temperature or at two or 
three other temperatures, and the required density found by 
extrapolation. 
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Example : — 


Temp. 

Leng:th. 

a 

1 

Wd 

20** 

1 99 '85 mm. 

18" 28' 

I ’2059 

7-66 


faia>:=:=7*6b° ) 

[a]i8=: 7*47® j Pictet, Ber ,, 1880, 13 , 1177. 

[«]?»« 7*27^ ] 

[a]H =-= 7-07'' I 

[«]?^=:=6-86' h By extrapolation. 

[al|o-6*66^ J 

Rotation of Tartaric Acid. — ^The specific rotation of a dissolved 
substance can be calculated Irom the rotation of the solution if 
the concentration is known. The formula to be used for this 
purpose is ; — 

« -J lOOtti) 

E«]d= 

where a is the angle of rotation of solution, / the length of the tube, 
and c the concentration, /.c.. the weight in grams of the dissolved 
substance contained in 100 c.c. of solution. The lormula 

[a]j) ■= niay also be used (it is, in fact, idimtical), where p is 

the percentage (by eight) of substance in solution, and d the 
density of the solution. The specific rotation of dissolved sub- 
stances varies with the concentration and with the temperature. 

Heat some tartaric acid in an air-bath to no® until it is quite 
dry. Weigh accurately about 20 grams of the dry acid and dissolve 
in water; then make up the solution to exactly 100 c.c. Deter- 
mine the rotation of the solution in a 200 mm. tube, and note the 
temperature at which the observation is made. 

Take Jo c.c. of the solution and dilute it to joo c.c. Determine 
the rotation of this solution at the same temperature as that at 
which the first rotation was observed. 

Dilute 50 c.c. of the second solution to 100 c.c., and again 
determine the rotation at the same temperature. 

The same process can be repeated once or twice more. Cal- 
tldate the specific rotation of the tartaric acid, using the first 
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formula. Plot the results on s<|uared paper, making the ordinates 
specific rotation and the abscissae concentration. 

Example 


T«mp. 

ConceittD&ttom 

Length of tube. 

Ai^k of Routioii. 

Spec. Rot. 

10* 

40 

200 ram. 

6“ 

+ 7-5“ 

10® 

20 


3l 59^ 1 

+ 9*96“ 

10“ 

10 

»> 

2 ii' 

4 10*91® 


(Krecke, SUreochemie, p. 228.) 


The following table shows the influences of temperature on the 
specific rotation of an aqueous solution containing 20 grams of 
tartaric acid in 100 c.c. : — 


Temp. 

I ength of iut)e. 

Angle of Rotatioj, 

specific Rotation. 

0" 

200 mm. 

3° 2ii’ 

4 8-66® 

10® 


3" 50' 

+ 9-96' 

20® 

$ ’ 

4^ 

+ 1 1 *57® 

40® 1 

}♦ 

5® 28' 

-4 13-66'' 

60® 

, f 

6® 28' 

4 i6'i6® 

' 80® 1 

»i 

7' 21' 

-f 18*38® 

100® 

I » 

8® 36' 

+ 21*50® 


(Thomsen J, prakt. Ch, [2], 211.) 


Preparation 

Racemic Acid and Mesotartaric Acid. 

CH(oii).coon 
I + H,0. 

CH(OH)-C(X)n 

Pasteur, Ann, Chim, Phys,^ 1848, (3) 24, 442; 1850, (3) 28, 56; 
Dessaignes, Bull. Soc. chtm,, 1863, 5 , 350; Juiiefleisch, Bull. Soc. 
chtm,, 1872, 18, 201 ; Hollemann, Rec, trav, chim, Pays~Bas, 1898, 
17, 66. 

too grams tartaric acid 

350 ,, caustic soda (in 700 cx, water). 

Boil the tartaric acid and caustic soda solution for three hours 
in a round flask (i litre), or preferably in a tin bottle furnished with 
Cohen's p, 0. c, i* 
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i^ux condenser. The use of a tin vessel obviates certain diffi- 
culties of filtration which the solution of the silica by the action 
of the alkali on the glass entmls. The liquid, after boiling, is 
carefully neutralised with cone, hydrochloric acid (it is advisable 
to remove a little of the solution beforehand in case of overshooting 
the mark) and an excess of calcium chloride solution is added to 
the hot liquid. The mixture is left overnight, and the calcium salts 
are filtered off at the pump, washed with water, and well pressed. 

The calcium salts are well dried on the water-bath, or a fraction 
of the whole weight of the moist salts is taken and dried, and the 
total dry weight estimated. The substance is then suspended in 
boiling water and the calculated quantity of sulphuric acid added, 
after which the mixture is boiled for an hour. The calcium sulphate 
is removed by filtration, well washed with hot water, and the 
precipitate pressed down. The filtrate is concentrated on the 
water-bath until crystallisation begins. Racemic acid crystallises 
first, and after dehydrating on the water-bath melts at 205®. A 
further quantity is obtained on evaporation. Yield 50 — 60 grams. 

The last mother liquors contain meso tartaric acid, m. p. 143 — 
144®, which is much more soluble in water than racemic acid. To 
obtain a pure specimen repeated crystallisation is necessary. The 
yield varies with the period of boiling, but usually does not exceed 
10 grains. 

Reioltttion of Raeemie Acid. — The racemic acid is dissolved in 
water (250 c.c.) and divided into two equal volumes. Half of the 
solution is carefully neutralised with caustic soda and the other 
half with ammonia, and the two solutions are then mixed. 

The liquid is concentrated and poured into a crystallising dish. 
If, on cooling, the crystals are small and massed together, the 
solution has been too concentrated, and must be diluted so that 
small, well-defined crystals deposit. A dozen or so of these are 
picked out, dried, and put on one side. Tlie remaining crystals 
are ro^dissolved and left €0 cool in a room of fairly even temperature. 

When the solution is just cold the crystals, previously removed, 
are sowto evenly over the bottom of the dish at distances of i — 2 
cms. apart and left for two days. The crystals will now have 
grown to a size which will enable the facets to be readily recognised. 
The Crystals are dried and carefully examined with a pocket lens 
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in order to determine the position of the hemihedral facets^ and 
placed in separate heaps. These facets lie to the right or left hand 
of the central prism face, as shown in Fig, 73. The crystals should 



be weighed, dissolved, and the solution diluted and examined in 
the polarimeter. The specific rotation may then be calculated. 
See AppendiXy p. 403. 


Preparation 54. 

Pyruvic Acid, Cll3.CO.CO.On. 

Docbner, Annalert, 1887, 242, 268; Ward, Tm*ts. Chem. Soc , IQ23, 
123, 2207. 

200 grams potassium hydrogen sulphate 
100 „ tartaric acid. 

The potassium hydrogen sulphate and tartaric acid must be 
finely powdered and intimately mixed. The mixture is distilled 
in a round flask (2 litre), attached to a moderately long condenser 
tube, from a metal bath heated to 220®,* The mass at first froths 
up, and it may be necessary to interrupt the heating. The dis- 
tillation is carried on until no more liquid distils. The distillate, 
which consists of w^ater and pyruvic acid, and has a yellow colour, 
is fractionated tn vacuo. It is collected at 68 — 70® at a pressure 
of 20 mm., and is quite colourless. Yield 20 — 25 grams. It may 
be fractionated at the ordinary pressure, but is difficult to obtain 
colourless in this way. 

CO.OH.CHOH.CHOH.COOH == CHj.CO.COOH + COj. f H,0, 

pyruvic acid. 

Properties , — ^Colourless liquid ; b.p. 165® at atmospheric pressure ; 
m.p. 10— polymerises on keeping. 




148 


PRACTICAL ORGANIC CHEMISTRY 


Reaction. — Dissolve a drop of phenylhydrazine in two drops of 
glacial acetic acid, dOute with about i c.c. of water, and add a 
drop of pyruvic acid. A yellow crystalline precipitate of the 
phenylhydrazone, CHj.C;(N.NH.CeH5).CO.On, is fonned. 

CH„.COOH 

I 

Citric Acid, C{OH).COOH + HjO 

CIIg.COOH 

Scheeie (1784). 

Citric acid occurs in the free state, as well as in the form of the 
calcium and potassium salts^ associated with malic and tartaric 
acids, in many plants. It is prepared principally from lemon 
juice, from which it is precipitated as the calcium salt on boiling 
with chalk and also by the citric fermentation of glucose. 

Proptriie ^. — The acid, which contains i molecule of water, crys- 
taUises in prisms ; soluble in water, alcohol, and also moderately 
soluble in ether ; m.p. 100°. The anhydrous acid melts at 153 — 1 54°. 

Reactions, — i. Heat a little, of the acid and notice the irritating 
vapours. 

Make a neutral solution of sodium citrate by adding caustic 
soda to a solution of the acid. 

2, Add lime water. There is no precipitate of the calcium salt, 
(QH507)2Ca3 + 4H2O, until the solution is boiled. 

3. Add calcium chloride solution and boil, and, to another 
portion, add silver nitrate solution. Note the results and compare 
the reactions with those of tartaric acid (p. 138). 

Preparation 55. 

Citraeonic and Mesaconic Acids. 

(Methyl malek and Methyl fumaric acids.) 

CH,.C(COOH}:CH(COOH). 

KekuK% LehrUich, 2 , 319; Pittig. Anfialen, 1877, 188 , 73. 

250 grams citric acid (crystallised). 

Heat the crystallised citric acid, without powdering, in a porce- 
hin basin to a temperature not exceeding 150®. The water of 
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crystallisation is expelled, and the crystals become pasty and 
then fluid. When cold, the solid mass is removed from the basin 
by gently wanning, and is coarsely powdered. The anhydrous 
acid is rapidly distilled in portions of 100 grams, from a retort 
(250 cx.) with bent neck (see Fig. 20, p. 24), fitted to a condenser^ 
the receiver being a separating funnel. The distillate consists of 
two layers. The lower layer of impure citraconic anhydride is 
run 00, and the upper layer, consisting of water and citraconic 
acid, is fractionated, the portion distilling at 190 — 210° being 
collected and mixed with the previous lower layer. 

The citraconic anhydride is now distilled in vacuo and collected 
at 110 — 114° under a pressure of 30 mm. Yield, 30 — 35 grams. 

CH2 COOH CH3 

<!:(OH).cooh d: co\ + co, + zHfi. 

I il \q 

CH2.COOH CH.CO/^ 

Properties - Colourless liquid ; b.p. 213 — 2 14° (ordinary pressure). 
To convert the anhydride into citraconic acid the calculated quan- 
tity of water is added (i mol. acid : i mol. water), and the mixture 
wdl stirred. The whole solidifies, on standing, to a mass of 
colourless crystals of citraconic acid, which are dried on a porous 
plate ; m.p. 84 — 86°. 

Mesaconic Acid. — To a saturated solution of citraconic acid in 
ether (4 parts citraconic acid require about 5 parts of anhydrous 
ether), about i part of chloroform is added, and a few drops of a 
moderately strong solution of bromine in chloroform. The mixture 
is placed in strong sunlight or in front of an arc lamp, when mesa- 
conic acid, which is insoluble in ether and chloroform, begins at 
once to deposit on the side of the vessel nearest the light. Drops 
of bromine are added from time to time until no further precipita- 
tion occurs. The pasty mass is then filtered, washed with ether, 
and dried on a porous plate. Yield, 73 per cent, of the citraconic 
acid ; m.p. 202°. See Appendix, p. 404. 
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Preparation 56. 

CHj.COOH 

I 

A^tbm dieiurboxyliG Acid, CO 

(['H2.COOH, 

Von Pechmann, Annalen, i890» j! 61 , 155; Jordan, Trans. Chem. Soc , 
1899, 75, 809; Ingold and Nickolls, Trans. Chem. Soc,, 1922, 181, 1O42. 

200 grams citric acid 

400 „ fuming sulphuric acid (15 per cent. SO3). 

The finely powdered citric acid is rapidly added with constant 
shaking to the fuming sulphuric acid contained in a 2 -litre flask. 
A vigorous reaction takes place, attended with evolution of heat 
and much frothing, whilst carbon monoxide is given off, which 
may be ignited by inserting into the neck of the vessel a cork with 
a short glass tube from which the gas escapes. Otherwise the 
operation should be performed in a fume cupboard. After a 
quarler of an hour the frothing subsides and the mixture is then 
cooled in a freezing mixture and crushed ice gradually added to 
the flask. A straw-coloured solution results which, when thor- 
oughly cooled, crystallises, forming a thick paste. It is filtered 
through asbestos or glass wool, drained well and thoroughly dried 
on a porous plate. The yield is 90 — 100 grams. The acid may 
be purified by crystallisation from ether; but is sufficiently pure 
for conversion into the ester. 

l:(OH).CO,H = (I'D + CO 4 H,0 

i:H,.co,H <!;h,.co,h 

Properties , — Colourless needles, m.p. 135° with decomposition 
into acetone and carbon dioxide. 

AggIgW dlGartKncylie ester. — Fifty grams of absolute alcohol 
tooled to tP are saturated with dry hydrogen chloride gas. To 
riiis aif added 30 grams of the powdered, crude acetone dicarboxylic 
The mixture is occasionally shaken during two days, 
standing at the ordinary temperature. The acid gradually 
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dissolves as the ester and gives a clear solution, which becomes 
straw-coloured and syrupy. The solution is now poured into an 
equal volume of water, and extracted with ether, which removes 
the ester. (During these tw^o processes heat is developed and the 
vessel should be at once immersed in cold water.) The ether 
solution is dehydrated over anhydrous sodium sulphate, the 
ether distilled and the residual ester fractionated in vacuo. The 
fraction boiling at 140 — 145° at 15 mm. is collected. The yield is 
about 15 grams. See Appendix, p. 406. 


Benzene. 

Pure Commercial Benzene, obtained from coal-tar naphtha, 
should distil within one degree (80 — 81®), and solidify completely 
when cooled to 0°. Other tests are as follows : shaken with con- 
centrated sulphuric acid for a few minutes, the acid should not 
darken, and a drop of bromine water should not be immediately 
decolourised. A single distillation over a few small pieces of 
sodium, which absorb any traces of w^ater, is usually a sufficient 
purification. If the benzene imparts a browm or black colour to 
the sulphuric acid, it must be repeatedly shaken with about 20 per 
cent, of the acid until the latter becomes only slightly yellow on 
standing. This is done in a stoppered separating funnel, and 
after shaking for a few minutes the mixture is allow^ed to settle, 
and the low^er layer of acid drawn off. The benzene is then shaken 
two or three times with water to free it from acid, carefully separated 
from the aqueous layer, and left in contact with fused calcium 
chloride until the liquid becomes clear. It is then decanted, 
frozen in ice, and any liquid (carbon bisulphide, paraffins) carefully 
drained off, and the benzene finally distilled over sodium. 

Properties ,— colourless liquid; m.p. 5*4*^; b.p. 80*4®; 
sp. gr. 0*874 at 20®. Coal-tar benzene usually contains a little 
thiophene, C4H4S, which may be detected by dissolving a few 
crystals of isatin (see p. 275) in concentrated sulphuric acid and 
shaking up with the benzene. 11 thiophene is present, a blue 
colour is produced (indophenin reaction). 

Fraetionai DistlUation. — It is often possible to separate almost 
completely by a single distillation, two liquids occurring together 
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in a mixture when their boiling-points lie widely apart. The more 
volatile liquid first passes over, the temperature suddenly rises, 
and the higher boiling liquid distils. 

It is otherwise when a liquid consists of a mixture of substances 
boiling at temperatures not very far removed from one another. 



ABODE 


Fig. 74. — Represents a series of simple and efficient fractionating columns 
or still-heads, a is that of Vigreux in which the constrictions are 
formed by indenting the tube itself; b is Hempel's column and 
consists of a long wide tube filled with glass beads; c, o, and E are 
columns devised by Young and Thomas, the last being useful when 
large quantities of liquid have to be distilled, c contains a senes 
of glass discs fused on to a rod, which Ctin be removed from the 
tube ; D has a series of pear-shaped bulbs blown on the stem and e 
IS a wide tube with a sejaes of constrictions, in each of which a small 
befet glass dripping tube is suspended in a gauze cup. 

especially in the case of homologous compounds^ such as occur in 
p^roleum and coal-tar naphtha. One distillation suffices only 
to produce very partial separation of the different substances, a 
portion of the less volatile liquid being carried over in the first 
distillate, together with the more volatile body, the temperature 
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gradually rising throughout the distillation. In order to effect 
separation of the several substances, recourse is had to the method 
of fractional distillation. 

The liquid is distilled in a round flask over wire-gausse or, better, 
in a fusible metal bath, a bit of porous pot or a coil of platinum- 
wire being placed in the flask to prevent bumping. 'Fhe flask is 
surmounted with a fractionating column, in which the thermometer 
is fixed. Various forms of fractionating columns are used (see 
Fig- 74)- 

The effect of the column may be explained as follows : the 
vapour given off from a mixture of liquids contains a larger pro- 
portion of the more volatile constituent than the liquid. If this 
vapour is a)ndensed in its ascent, the vapour above this con- 
densed liquid will be still richer in the more volatile constituent. 
If, by a series of constrictions or diaphragms, the condensed liquid 
is obstructed in its return flow, a momentary equilibrium between 
liquid and vapour is established at each diaphragm, and the longer 
the column the greater will be the amount of more volatile con- 
stituent in the last portion of vapour to undergo condensation. 
Thj^ passes off by the condenser and is collected in the receiver. 
The apparatus (Fig. 74, e) can be made out of a piece of wide 
tubing. This is constricted in the blow-pipe flame, near one end, 
and a piece of copper wire-gauze with a circular hole, carrying the 
little bent tube, is placed on the constriction. A second constriction 
is made and another gauze diaphragm introduced. The number 
of diaphragms may vary from 10 to 20, according to the degree of 
separation required.' 

Commercial 50 per cent and 90 per cent Benzene are mixtures of 
benzene and larger or smaller quantities of its higher boiling homo- 
logues, viz., toluene (b.p. no®) and the xylenes (b.p. 137 — 143®). 
The constituents may be separated by fractional distillation. 

Fit up an apparatus with fractionating column and distil 200 c.c. 
50 per cent, or 90 per cent, benzene, at a regular speed, so that the 
drops falling from the end of the condenser may be readily counted. 
Collect the distillate between every five degrees in separate flasks. 
Redistil each of these fractions in order, adding the next to the 
residue of the previous one in the distilling-flask. Collect portions 

^ Trans. Ckem. Soc., 1899, 76, 700. 
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boilii^g below B5® and above 105^, between every two or three 
degrees. It will be found that by a repetition of the process the 
liquid is gradually separated into two large fractions, consisting 
chiefly of benzene and toluene, and a number of smaller inter- 
mediate fractions* The following table gives the volume in c.c,, 
and the boiling-points of the fractions obtained by this method from 
200 C.C., 50 per cent, benzene, each table denoting a complete series; 
of fractionations, using a simple column with two bulbs. 


I. 


A. 

7i*5-*8r 

B. 

S3 -90® 

C. 

90-95** 

D. 

95-100® 

E. 

100-105® 

F. 

105-110® 

G. 

110-115“ 

Residue. 

i 

ro c.c. j 

53 c.f. i 

26 c.c. 

15 c.c. 

13 c.c. 

17 c.c. 

2t CC. 

.33 c.c. 


n. 



A' 

below 

79 ”. 

B'. 

79-81® 

C'. 

81-85’* 

ly. 

85-105® 

E'. 

105-108® 

F'. 

io8~i ro® 

Residue, 

A. 

5 c.c. 







Added B. 

42 c.c. 

(10 c.c.*) 





Added C. 


(9 c.c.*) 



... 


Added D.E. 



50 c.c. 




Added F. 





(11 c.c.*) 



Addf^ G. 






22 c.c. i 

42 c.c. 

* Refrac- 
tioaiitedC'. 


12 C.C. 

7 c.c. 1 


1 

... ! 

1 


E'. 





6 c.c. 1 

5 c.c. 



5 c.c. 

54 c.c. 

7 c.c. 

50 c.c. 

6 c.c. 

27 c.c. 

42 ( X. 


The fraction 79 — 81° i> further purified in the manner already 
described. 


Preparation 57. 

ChloQsbenzene, CqH^CL 

MOIW, Jakresb^r., 1862, 415; Cohen, Bakin, Trans, Chent. Soc., 

1901, 

250 cx. benzene. 

The; benzene, distilled over a little metallic sodium, is poured 
inlb A 4*ound fl^k (J litre), connected with a reflux condenser and 
pwm<^ with an inlet tube extending below the surface of the 
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liquid for introducing the chlorine.^ About 0*5 gram of aluminium- 
mercury couple is prepared as described on p. 262 and dropped 
into the benzene. The flask and contents are weighed and dry 
chlorine is at onc^ passed into the liquid. The reaction takes 
place with evolution of heat, and torrents of hydrogen chloride are 
emitted through the top of the condenser, which it is advisable to 
absorb by means of a bent tube just dipping into water, as shown 
in Fig. 66, p. in. The liquid is cooled by surrounding the flask 
with cold water, and the chlorination continued until the liquid 
has increased in weight by about 75 grams. The liquid is poured 
into its own bulk of water and the heavy chlorobenzene separated. 
It is washed with dilute caustic soda solution, again with water 
and then dehydrated over calcium chloride. It is now fractionated 
with a column and the fraction boiling at 125 — 135® collected. 
This is redistilled and collected between 129*^ and 132°. The yield 
is about 145 grams, 

CeHe + Cl, ^ C^H^Cl + HCl. 

Chloroben^ene. 

The precise action of the aluminium-mercury couple Is unknown, 
but^t obviously arts as a catalyst. 

Properties. — Pleasant-smelling, colourless liquid, b.p. 132°; 
sp. gr, 1*128 at 0°. See Appendix ^ p. 406. 


Preparation 58. 

Bromobenzene (Phenyl bromide), C^^H^Br. 

Cohen and Dakin, Trans. Chem. See, 1699, 70 , 894; Cross and 
Cohen, Proc. Chem. Soc., 1908 

50 grams benzene 
120 „ (40 c.c.) bromine 

0*5 gram pyridine. 

The apparatus is similar to that shown in Fig. 66, p. iii, but the 
flask should be placed in a water-bath, in which it can be heated, 
and the tap-funnel may be dispensed with. The benzene, bro- 
mine, and pyridine are placed in the flask and heated to 25-— 30®, 
when a vigorous and steady evolution of hydrogen bromide takes 
place, the gas being absorbed by the water in the beaker. When 
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the action slackens (about i hour) the temperature of the water- 
bath is gradually raised to 65 — 70°, and the process stopped when 
most of the bromine has disappeared and the evolution of hydrogen 
bromide has nearly ceased. The contents of the flask are cooled 
and poured into dilute caustic soda solution contained in a separating 
funnel and shaken. Sufficient alkali must be present to give an 
alkaline reaction after shaking. The lower layer is drawn off and 
dehydrated over calcium chloride. When perfectly clear the 
bromobenzene is filtered or decanted into a distilling flask (200 c.c.) 
provided with a thermometer and distilled over wire-gauze. Un- 
changed benzene first passes over; the temperature then rises 
rapidly and the portion boiling at 140 — 1 70® is collected separately. 
It is redistilled and collected at 150 — 160®. Yields 60 grams, 

CeH« + Br* - C,H,Br -f HBr. 

Bromoben/ene. 

The pyridine acts as “ halogen carrier/’ probably by forming the 
additive compound^ C5H5NBr2, which gives up its bromine to the 
benzene. 

Properties , — Colourless liquid; b.p. 154 — 155®; sp. gr. 1*406 
at 16®. 

Hydrobromie Acid. — ^I’he weak solution of hydrobromic acid 
which collects in the Ix^aker in the course of the above reaction 
may be concentrated by fractional distillation, as in the case of 
hydriodic acid (p. 362), and used in the preparation of bromo- 
toluene (p. 189). It boils at 126® at the normal pressure, has a 
sp. gr. of 1*49, and contains about 47 per cent, of IIBr. See 
Appendix, p. 406. 


Preparation 59. 
ethyl Bcii2*eiiCj CgHg.CglTg. 

'FitiigfAnnalen, 1864,18!, 303. 

60 grams bromobenzene 
52 ethyl bromide (see p. 59) 

26*5 „ sodium. 

A quantity of ether, which has been freed from alcohol by dis- 
tilling over caustic potash, and dried over calcium chloride an^i 
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sodium (see p. 66), is poured into a round flask (i litre). The 
amount of ether should be about twice the volume of the mixed 
phenyl and ethyl bromides. The sodium, cut into thin slices with 
the sodium knife, or squeezed into fine wire, is added to the ether, 
and when all evolution of hydrogen has ceased, the flask is attached 
to an upright condenser and immersed in a vessel of ice-water. 
The mixture of bromobenzene and ethyl bromide, both carefully 
dehydrated, is poured into the flask. The reaction is allowed to 
commence spontaneously, the fact being indicated by the appear- 
ance of the sodium, which becomes darker in colour and sinks to 
the bottom of the vessel. Although the flask is allowed to remain 
in the outer vessel, and is cooled by water and ice, the heat evolved 
often causes the ether to boil. The flask is therefore not removed 
until the reaction is over. It is convenient to leave it overnight. 
The liquid is then decanted from the sodium bromide, which has 
a blue colour, into a distilling flask, and rinsed out once or twice 
with ether. The ether is removed on the water-bath, a bit of 
porous pot being added, and the residue is fractionated with a 
fractionating column. The portion boiling at 132 — 135° is collected 
separately. Yield, 20 — 25 grams. The residue from which the 
ethel has been decanted may contain a little unchanged sodium, 
which should therefore be decomposed with spirit before washing 
out with water. 

+ CgHJir + 2Na = C^Hg.CgHg 4 2NaBr. 

Lthyl lK‘nzem‘. 

Properties . — Colourless liquid; b.p. 134®; sp. gr. 0*8664 at 
22*5"". See Appendix, p. 407. 


Preparation 60. 

Nitrobenzene, CgllgNOg. 

Mitscherlich, Annalen, 1834, 12 , 305. 

50 grams benzene. 

80 „ (60 c.c.) cone, nitric acid, sp. gr. 1*4 

120 „ (60 c.c.) cone, sulphuric acid 

The two acids are mixed and well cooled, and then slowly added 
from a tap-funnel to the benzene, which is contained in a flask 
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(J litre). The contents of the flask are well shaken after each fresh 
addition* Nitrous fumes are evolved, and a considerable amount 
of heat developed* Care must, however, be taken that the tem- 
perature does not exceed 50 — 60® by immersing the flask, if neces- 
sary, in cold water. The nitrobenzene separates out as a brown, 
oily layer on the surface of the acid liquid. When the acid has 
all b«^^n added, an operation which lasts about half an hour, the 
mijfftture is heated for about twenty minutes on the water-bath, 
and again well shaken. The contents of the flask, on cooling, are 
poured into a stoppered separating-funnel, the lower layer of acid is 
removed, and the nitrobenzene washed free from acid by shaking 
once with water (50 c.c.), then with dilute carbonate of soda solu- 
tion, and again with water, the oil being each time withdrawn 
from the bottom of the vessel. The nitrobenzene, separated as 
carefully as possible from water, is allowed to stand over a few 
pieces of fused calcium chloride, and shaken occasionally until 
the liquid is clear. The yellow liquid is decanted, or filtered from 
the calcium chloride, and distilled in a distilling-flask, with con- 
denser tube only. At first a little benzene passes over; the tem- 
perature then rises, and the nitrobenzene distils at 204-— 207"^, and 
is separately collected. The brown residue consists of dinitro- 
b^nzene, the quantity depending upon whether the temperature 
during nitration has been allowed to rise too high. Yield about 
60 grams. 

CeH« 4- HO NO* = C^H^NO* 4 H* 0 . 

Nitrobenzene. 

The function of the sulphuric acid is that of a dehydrating agent 
taking up the water formed in the reaction. 

Properties.— Light yellow liquid, with a smell of bitter almonds; 
b.p. Z06 — 207®, sp. gr. I *208 at 15®; m.p. 3®; insoluble in water, 
soluble in alcohol, ether and benzene. 

Rmetion . — Pour a drop of nitrobenzene into a test-tube with 
I c.c water and i c.c.-T^lacial acetic acid. Add a little zinc-dust 
on tbe point of a penknife, and warm for a minute. Dilute with 
a few c.c. of water, and add caustic soda solution until alkaline, 
attd pout a few drops into a test-tube half filled with sodium hypo- 
chlorite solution. A violet coloration, which gradually fades, is 
produced, due to the presence of aniline (see p. 166). See Appendix^ 
p, 4^. 
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Preparation 6i. 

Azoxybenzene, C^H5NO:NCeH5. 

Klinger, Ber>, 1882, 16» 865. 

200 grams methyl alcohol 
40 „ caustic soda 

30 nitrobenzene. 

Attach an upright condenser to a round flask (J litre). Pour 
in the methyl alcohol, nitrobenzene and caustic soda and boil in 
the water- bath for six hours. A sample of the liquid is then diluted 
with water, and if any unchanged nitrobenzene can be detected 
by the smell, the boiling is continued. The methyl alcohol is then 
distilled off in the water-bath. As the liquid is liable to bump, 
owing to the separation of solid matter, it is advisable to add a 
few pieces of pot. When no more alcohol distils, the residue is 
poured into a beaker of water, rinsed out and acidified with hydro- 
chloric acid. A dark-coloured oil is deposited, which soon solidifies, 
and is then washed by decantation, and pressed on a porous plate. 
Yield about 23 grams. It is recrystallised, when dry, from methyl 
alcohol, in which it is rather soluble. 

I- sNaOCHg - zC^H.NrNC^Hj + sHCO.ONa -r ^H^O. 

O 

» Azoxylieiirene 

Properties . — Yellow needles; m.p. 36°. See Appendix, p. 409. 

Azoxy benzene from Nitrobenzene by Elec^olysis. — Nitrobenzene 
can be conveniently converted into azoxybenzene by electrolytic 
reduction. The apparatus required is shown in Fig. 75. 

It consists of a porous cell which forms the cathode chamber 
and contains 20 grams nitrobenzene and 160 grams 2*5 per cent, 
caustic soda solution. The two are kept wtII mixed throughout 
the operation by a rapidly revolving stirrer. The cathode is a 
cylinder of nickel gauze (12 cms. X 8*5 cms. = 100 sq. cms.). The 
anode chamber is the outer glass vessel or beaker, which contains 
a solution of sodium sulphate acidified with sulphuric acid; a 
cylinder of sheet lead serves as the anode. An ordinary ammeter 
(a) and resistance (r) are connected in series with the battery and 
electrodes, and it is also useful, though not essential, to insert a 
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voltameter (v) between the two electrodes, A current density of 
I to 5 amperes per loo sq. cms. is used and 15—20 ampere hours 
will complete tlie reduction^ 

The oily liquid which separates in the cathode chamber, and 



consists of azoxybenzene mixed with aniline and a little unchanged 
nitrobenzene, is distilled in steam, which removes the impurities. 
The residue then solidifies on cooling, and is filtered, dried, and 
recrystallised. Yield ii grams (60 — 70 per cent, of the theory^) 
(Elbs, Electrolytic Preparations ^ trans. by R. S. Hutton, p. 76). 


Preparation 62. 

Azobenzene, CgHgNiN.C^Hg. 

Mitscherlich, Annalen^ 1834, 12 , 311. 

5 grams azoxybenzene 
15 iron filings. 

Th^ azoxybenzene and iron filings, both of which must be care- 
fully dried on the water-bath, are powdered together and distilled 
imn a small retort, which is conveniently made by blowing a 

The current may be obtained from a number of secondary batteries 
or from a direct electric light circuit with a suitable resistance. 
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larg^ bulb on the end of a piece of rather wide tubing if cm. inside 
diameter, and then allowing the bulb whilst hot to bend over. 
The mixture is carefully heated, the burner being moved about 
until the contents are thoroughly hot, and then the mixture is 
more strongly heated until nothing further distils. The distillate, 
which forms a solid, dark-red mass, is washed with a little dilute 
hydrochloric acid and water, and then pressed on a porous plate. 
It is crystallised from ligroin, in which it is very soluble. 

CJIjNO.N.CeHj -f Fe -= CeHBN:N.CgH^ + FeO. 

Azobenzciie 

Properties , — Red plates; m.p. 68®; b.p. 295®. See Appendix. 
p. 409- 

Azobenzene from Nitrobenzene by Electrolysis. — A good yield of 
azobenzene can be obtained by the electrolytic reduction of nitro- 
benzene in alcoholic solution. The apparatus is similar to that 
shown in Fig. 75, p. 160, but in the present case the cathode chamber 
is the outer vessel, which should be a deep, narrow glass cylinder 
or beaker. The cathode liquid is a solution of 20 grams nitrobenzene 
and 5 grams sodium acetate crystals in 200 c.c. 70 per cent, spirit. 
The cathode is a cylinder of nickel gauze. A large porous cell 
forms the anode chamber, and contains a cold saturated solution 
of sodium carbonate. The anode is a wide strip of sheet lead. 
A current density of 6 to 9 amperes per 100 sq. cms. is pas.sed for 
17*4 ampere hours, and then a lower current density for a further 
1—2 amjxjre hours. During the reduction the cathode liquid 
becomes very hot and the alcohol which evaporates must be 
replaced. The cathode liquid at the end ot the process contains, 
in addition to azobenzene, azoxybenzene and hydrazobenzene. 
It is poured into a flask and the hydrazobenzene is oxidised to 
azobenzene by aspirating a current of air through the solution for 
half an hour. The greater part of the azobenzene separates and 
can be filtered ; the remainder, which is less pure, is precipitated 
from the filtrate by the addition of water. It is recrystallised from 
ligroin. Yield, 90 per cent, of the theory. 

(Elbs, Electrolytic Preparations^ trans. by R. S. Hutton, p. 78.) 
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Preparation 63. 

Hydraxobenzene (DIphenylliydrEziiie) CgHgNH.NHC^Hg 

Alexejew, Zettschr. f. Chem., 1867, 33; 1868, 497; E, Fischer, 

Anlettung mr Dar$teilung org. Prdparate, p. 23. 

50 grams (42 c.c.) nitrobenzene 

54 ,, caustic soda (in 200 c.c. water) 

50 cx. alcohol 
100—125 grams zinc dust. 

The apparatus is shown in Fig. 76. It consists of a large, round, 
wide-necked flask (ij litre) furnished with a cork perforated with 
three holes. Through one hole a stirrer, moved by a water-turbine 
or electric motor, passes in the manner shown in Fig. 76. To the 
stenj of the stirrer a short, wide glass tube is attached, which revolves 

in the annular space formed at 
the end of an adapter by fusing 
to it an outer concentric piece 
of wider tubing. V^’hen this 
space is filled with water it serves 
as a water seal. Through a 
second hole a wide glass tube is 
inserted by which the zinc dust 
is introduced, and is fitted with 
a cork. The third hole is lur- 
nished with an adapter to which 
a condenser is attached. The 
nitrobenzene, caustic soda solu- 
tion, and the alcohol are poured 
into the flask and the stirrer set in rapid motion so that the contents 
are kept well agitated. The thorough mixing of the materials is 
essential to the success *of the process. The zinc dust is added 
in quantities of 3 — 4 grams at a time through the wide glass tube? 
which is closed by a cork after each addition. The mixture soon 
becomes warm and eventually boils. To prevent the liquid boiling 
over, the frothing is allowed to subside before fresh zinc dust is 
added* The operation is usually completed in | hour, w^en the 
liquid^ which has first a deep red colour (azobenzene), becomes 



Fig. 76. 
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pale yellow. To examine the colour a sample should be with- 
drawn with a pipette and filtered. The stirring is continued for 
another J hour. A litre of cold water is added, which precipitates 
the hydrazobenzene. The mixture of hydrazobenzene and zinc 
residues is filtered at the pump and washed free from alkali with 
water. The precipitate is then pressed down and extracted with 
750 c.c. of spirit on the water-bath with reflux condenser and 
filtered. On cooling in a freezing mixture^ the hydrazobenzene 
crystallises in colourless plates, which are filtered and washed with 
a little spirit. The mother-liquor is used for a second extraction 
of the zinc residues, and from the filtrate a further quantity of 
hydrazobenzene is precipitated with water. If the second crop of 
crystals have a yellow colour, crystallisation from alcohol will 
remove it. Yields 3^~^35 grams. 

-f 3Zn + 6NaOH = C.HjNH.NHCeH, + 3Zn(OH)2. 

H ydraxobe nzf'ne 

Properties . — Colourless plates; m.p. 125°. 

Reactions. — i. Heat a small quantity in a dry test-tube. Notice 
the colour. On cooling add a little ^ater and pour a few drops 
into a solution of sodium hypochlorite. A violet coloration indi- 
cates aniline. 2CsH5NH.NlI.CsU5 S- CsHsNrNt’sHs + aCsHjNHjj. 

2. Heat a small quantity with Fehling's solution and observe 
the formation of cuprous oxide. The hydrazobenzene is oxidised 
to azobenzene. 

Benzidine. — Five grams of powdered hydrobenzene are shaken 
with 125 c.c. hydrochloric acid (3 per cent.) at 20 — 30°. In 
^ — I hour the substance will have completely dissolvedi 
Finally, the mixture is heated to 45 — 50°, a little water 
added to redissolve any benzidine hydrochloride, and filtered 
warm. The benzidine is precipitated from the solution of the 
hydrochloride by adding to the cold solution an excess of caustic 
soda solution. It is filtered and washed free from alkali, and 
recrystallised from boiling water or dilute alcohol. It crystallises 
in plates with nacreous lustre, m.p, 12 f. 

C^HgNH.NHC^Hg = NHaC^H^.C'eH^NH,. 

Benaudme. 


See Appendix, p, 409. 
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Preparation 64 

Phenyibydroxylamiiie, CgHg.NH.OH. 

Bamberger, Ber., 1694, 27> 1548; Wohl, Ber., 1894, 27, 1432; 
FriedlAnder, Theerfarhetifabnkation, IV., 48. 

6 grams ammonium chloride (in 200 c.c. water) 

12 „ nitrobenzene 

18 5, zinc dust (good quality). 

Mix the nitrobenzene and ammonium chloride solution in a 
flask (i litre). The zinc dust is added in portions of about a gram 
at a time with constant shaking or stirring by turbine, the tem- 
perature being maintained below 15°, by cooling if necessary in ice 
water. The addition of the zinc dust should take about an hour. 
The shaking is continued for another quarter of an hour, when 
the smell of nitrobenzene will have disappeared. The contents 
of the flask are filtered and washed with 100 c.c. water, so that 
the water trickles slowly through the filter. The filtrate is satur- 
ated with clean salt (80 grams) and cooled to o®. Colourless 
crystals of phenylhydroxylamine fill the liquid. They are filtered 
at the pump, dried on a porous plate, and recrystallised if necessary 
from benzene. Yield, 6 — 8 grams. 

4- + tHp -- CsH^NHOH 4 - ^ZnlOH)^ 4- Hp. 

Phtnjl hydroxvlarniiK 

Properties . — Colourless needles; m.p. 8i°. 

Reactions . — Add to a solution of phenylhydroxylamine Fehlmg’s 
solution and warm, ('uprous oxide is precipitated. To another 
portion add ammoniacal silver nitrate and warm. Silver is 
deposited. See Appendix, p. 411. 

Kitmsobenzene,— Dissolve 4 grams of phenylhydroxylamine in 
the equivalent quantity o| iee-coW <> per i ent. sulphuric acid (4 ix. 
in 66 c.c. water), and add a well-cooled .solution of 4 grams potassium 
dichrdmate in 200 c.c. water. Yellow crystals of nitrosol>enzene 
are deposited , which distil in the vapour of steam with an emciald- 
^ijen colour; m.p. 67—68'^. 

4“ O XT C,HjNO 4 H,0. 

NittowibciMseiie. 
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/rAminopiieiiol. — Add gradually 1 gram of phenylhydroxylamine 
to 10 cx. cone, sulphuric acid and 15 grams of ice, dilute with 
100 c.c. of water and boil. Test a small sample with dichromate 
solution in order to see if the smell is that of nitrobenzene or 
quinone. In the latter case conversion is complete. The acid 
liquid is neutralised with sodium bicarbonate, saturated with 
common salt and extracted with ether. On distilling off the ether, 
^-aminophenol crystallises; m.p. i86°,i 

CeH5.NH.OH = OH.CeH4.NH2. 

/»-Aminophenol. 


Preparation 65. 

Aniline (Aminobenzene ; Phenylamine), CgHgNHg. 

Method I. 

Zinin, Annalen, 1842, 44 , 283; Roussin, Compt. reytd , 1861, 52 , 797. 

50 grams nitrobenzene 
go „ granulated tin 
170 c.c. cone, hydrochloric acid (sp. gr. i’i6). 

Introduce the tin and nitrobenzene into a round flask (i| litre), 
and fit it with a straight upright tube about 2 feet long (air- 
condenser). i leat the mixture for a few minutes on the water-bath. 
Then remove the flask and add the concentrated hydrochloric acid 
in quantities of 5 — 10 c.c. at a time, and shake repeatedly. The 
liquid should become hot and boil quietly; but if the action 
becomes too violent it must be moderated by cooling the flask in 
cold water. In the course of | — i hour all the acid should have 
been added; the flask is then replaced on the water-bath without 
the air-condenser, and heated for an hour or more until the reduc- 
tion is complete. This is ascertained by the absence of any smell 
of nitrobenzene. The contents of the flask, on cooling, solidify 
to a crystalline mass (a double salt of stannic chloride and aniline 
hydrochloride). Whilst still warm, water (loo c.c.) and strong 
caustic soda solution (140 grams in 200 c.c. water) are added until 
the stannic oxide, which is first precipitated, nearly redissolves 
and the liquid has a strongly alkaline reaction. II the mixture 
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begins to boil during the addition of the caustic soda solution it 
must be cooled. The aniline, which separates out as a dark* 
coloured oil, is distilled in steam. The apparatus is shown in 
Fig. 68, p. 13 1. The flask containing the aniline is gently heated 
on the sand-bath, and steam is passed in from the tin bottle. It 
is advisable to heat the aniline mixture on the water-bath before 
steam is admitted, as otherwise a large quantity of water con- 
denses in the flask. On distillation, aniline and water collect in 
the receiver, the former as a colourless oil. When the distillate, 
as it comes over, appears clear instead of milky, the distillation is 
stopped. The oil is now extracted from the distillate by shaking 
up the liquid in a separating-funnel three times with small quan- 
tities 30 c.c.) of chloroform. The chloroform solution, separated 
as far as possible from water, is further dehydrated by adding a 
little solid potassium carbonate. The clear liquid is decanted into 
a distilling-flask, the flask rinsed with a little chloroform, and the 
chloroform removed by distillation until the temperature reaches 
100®, when the receiver is changed. Aniline distils at 182 — 183®, 
and has usually a faint amber colour. Yield, about 30 grams. 

2C„H,N02 4 sSn 4- 12HCI := aCeHgNHg 4 3SnCb 4- 4H,0. 

Aniluie. 

Properties. — Colourless, highly refractive liquid, w'hich soon 
darkens in colour; b.p. 183®; sp. gr. 1*0265 at 15®. 

Reactions. — i. Add a drop of the oil to a solution of bleaching 
powder or sodium hypochlorite. An intense violet coloration is 
produced, which gradually fades. 

2. Heat a drop of the oil with a few drops of chloroform and 
about I c.c. of alcoholic potash in the fume-cupboard. Phenyl 
carbamine is formed, which possesses an intolerable smell. (Hof- 
mann^s reaction for primary amines.) 

3. Add to a drop of aniline in a basin a few drops of concentrated 
sulphuric acid, and stir with a glass rod. Then add a few drops 
of potassium dichromate solution. An intense blue colour is 
obtained. 

4. Dissolve a few drops of aniline in 5 c.c. dilute hydrochloric 

acid, cool under the tap and add a few drops of a solution of sodium 
nitrite. Then pour some of the solution into about half a gram 
of dissolved in a few c.c, of caustic soda solution. An 
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orange solution of sodium hydroxyazobenzene is formed (see 
Reaction 6, p* 184). - 

CeHjNHa.HCl + HNO, = CeH^.Np + Mfi 

Diaaobemene chloride. 

CeHs^NjCl + CeH^.ONa =:= C^H,.N,.C^H^ONa 
Sodium hydroxyazobenzene. 

+ NaOH + NaCl + H^O. 

5. Mix together o' 2 gram of aniline and 0*3 gram of phenyl 
isocyanate. The mixture becomes hot and solidifies. When 
crystallised from aRohol (it is not very soluble), the diphenyl urea 
forms colourless needles, m.p. 238° with decomposition. 

C*HsN CO 4- NH.C^Hb == C^H^NH CO NHC.Hj 

Diplw'tiylurea. 

See also Reaction 3. p. 55. 

6. Dissolve a few drops of aniline in IICl (i cone. HCl : iHgO) 
and add bromine water until a faintly brown colour persists on 
shaking. A precipitate of tribromaniline is thrown down and 
may be crystallised from glacial acetic acid. It forms colourless 
needles; m.p. 119°, 

§ee Appendix j p. 41 1. 


Method II. 

B6champ, Ann efnm. phys , 1854, (3) 42, 186, 

44 grams nitrobenzene 

44 „ clean and fine iron boring* free from dust 

5 c.c, cone, hydrochloric arid (in 10 c.c. of water). 

The nitrobenzene and iron borings are mixed together in a 
J -litre round flask. The hydrochloric acid is added in portions of 
5 c.c. at a time and well shaken or stilred with a mechanical stirrer. 
There is a vigorous reaction and the temperature rises, and should 
be maintained at about 70*^. When the reaction is over, as indicated 
by the disappearance of the smell of nitrobenzene, 50 c.c. of water 
are added and 10 grams of anhydrous sodium carbonate, in small 
quantities at a time, and the alkaline mixture is distilled in steam. 
The subsequent operations are identical with those described in 
the previous preparation. The yield is about 30 grams, 
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Esttmatioii ot Aniline l>y The reaction depends 

upon the conversion of aniline hyt^ochloride into benzene diazonium 
chloride by the action of nitrous acid, 

C,H5NH,.HQ^V^aNOg ^ HCl « C^H^NjCl -f KaCl + zH^O. 

A normal solution of sodium nitrite is first prepared by dissolving 
75 grams of the salt in water and diluting to i litre. This is titrated 
against iV/z-potassium permanganate solution (in presence of dilute 
sulphuric acid), made by dissolving 3*95 grams of the salt in 250 c.c. 
of water, according to the equation : 

aKMnO* + SHaSO* = KjSO* + 2MnS04 + + O5; 

316-2 

0*5 gram H =?^^*^ = I5*8. 


Weigh out carefully 3*5 — 4 grams of aniline, dissolve in 5 — 6 c.c. 
cone, hydrochloric acid and dilute to 100 c.c. Twenty c.c. of this 
solution are titrated with the sodium nitrite solution as follows ; 
The aniline hydrochloride solution is diluted to 100 c.c. with ice- 
cold water and 10 c.c. cone, hydrochloric acid are added. About 
four-fifths of the calculated amount of nitrite solution is run in 
from the burette, the nozzle of which is kept below the surface of 
the liquid, which is well stirred. Whilst stirring, a further quantity 
of nitrite solution is gradually added until a blue colour is obtained 
with potassium iodide-starch paper which subsists for ten minutes. 

Example , — The amount of aniline taken == 3*9142 grams. 
Twenty c.c. of the solution required 7*8 c.c* of sodium nitrite 
solution (N X 1*04). 

The amount of aniline in 100 c.c. is therefore 

7*8 X 1-04 X 93 X 5 
^ ^ = 3772 grams. 


The percentage is therefore 


3772 X 
“"3*9142 


96-4» 


See footnote p.*i85. 
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Preparation 66. 

Aoetanlilte (Phenylacetamide), CeHg.NH.CO.CH^. 

G. Williams, Trans, Chem. Soc., 1864, 2 , 106, 

25 grams aniline (freshly distilled) 

50 c.c. glacial acetic acid. 

A round flask (250 c.c.) is fitted with a condenser tube as in 
Fig, 77, into the wide end of which a thermo- 
meter and exit tube for carrying off condensed | 

water and acetic acid are inserted.^ The mixture 
is boiled ovei; wire-gauze at such a rate that the 
thermometer at the upper end of the condenser Hi |j 

registers 105®. After abont two hours the water | 

formed during the reaction along with some V 

acetic acid will have been driven off, and the 
temperature indicated by the thermometer will 
begin to fluctuate. The process is then com- 
plete, and as the liquid solidifies on coolings it 
is at once poured out, while hot, into a basin of 
col<J water (500 c.c.). It is filtered and washed 
with cold water. Acetanilide crystallises best from 
hot water, in which, however, it is not very 
soluble. Place the moist acetanilide in a large 
basin, and add gradually about a litre of boiling M 

water. If the substance does not dissolve com- | 

pletely on boiling, a small quantity of spirit will J V 
bring it into solution. Filter through a large (^^=4 
fluted filter or Buchner funnel (p, 45) and set the 
solution aside to crystallise. If the product is j| 1 

dark coloured it is redissolved as before, and || I | 

heated with a little animal charcoal (5 — 10 grams) (I | 

for half an hour and then filtered. Yield, 30 — 35 
grams. 

C^HgNHj -i- CHj.COOH = CeHjNH.CO.CHj -f UjO, 

Acetanilide. 

Prcpertm. — Rhombic plates; m.p. 112®; b.p. 295®, 

* N, V. Sidgwick, Private Communicatmu 
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Rmction,--lnttQ<imt about 0*5 gram of the substance into a 
test-tube, and add 3 c,c. concentrated hydrochloric add or 3 c*C* 
of a mixture of equal volumes of cone, sulphuric acid and water 
and heat on the water^bath for a few minutes. On diluting with 
water, a clear solution is obtained. 

C.HsNHCaHaO + H,0 + HCI -= CeHjNHj.HCl + CHj.COOH. 

AcetehloraniMe (CeHgNClCOXH^) and /trCbloraoetanlMde 



Grind up 10 grams of good bleaching powder with 100 c.c. of 
water, let it stand an hour and filter. Determine the strength of 
the solution by withdrawing 5 c.c., diluting to about 100 c.c,, 
adding 10 c.c. of a 10 per cent, solution of potassium iodide solution 
and 2 c.c. of glacial acetic acii^. The available chlorine (HOCl) 
is estimated by titrating with li/io-thiosulphate. Calculate the 
amount of bleaching solution required for i gram of acetanilide 
from the equation 

CgHjNHCjH^O -f HOCl = CeH^NClC-HjO + H*0. 

Acetchloranflidc. ^ 

Add to the finely powdered acetanilide a slight excess of the 
bleaching solution and add further i gram of potassium bicarbonate 
to liberate HOCl from the calcium hypochlorite, and let the 
mixture stand for an hour. There is no apparent change in the 
acetanilide, which remains colourless and undissolved. Shake up 
with about 10 c.c. of chloroform, which dissolves the acetchlor- 
anilide, and separate the chloroform solution. On removing the 
chloroform on the water-bath and pouring out the residual liquid 
into a small basin, the acetchloranilide, on cooling, crystallises in 
colourless, prismatic crystals. The yield is nearly theoretical, 
^^tjrstallise a small quantity by dissolving in a very little chloro- 
form and adding petroleum ether. It melts at 91®. IMssolve the 
remain<$er in a little glacial acetic acid, add a drop of cone, sulphuric 
acid and warm on the wate^-bath. After a short time a vigorous 
reaction suddenly sets in and the liquid boils. After cooling some- 
what^ pour into water and crystallise from alcohol. The product 
which separates in colourless needles fs /^-chloracetanilide and melts 
at 172® (Chattaway and Orton, Trans, Chem, 1899, 75 , 1046; 
iycto, 77 , 134, 790). 

See Appendix, p. 41a. 
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Preparation 67. 

^BroffiOAoetaniUde. ^ 

Remmers, Ber,^ 1874, 7, 346. 

5 grams acetanilide 

25 cx. glacial acetic acid 

6 grams bromine. 

Dissolve the acetanilide in the acetic acid in a flask (J litre), 
and add gradually the bromine, dissolved in about twice its volume 
of glacial acetic acid, and shake well. When the bromine has 
been added, let the mixture stand i Jiour and then pour into 200 c.c^ 
water and rinse out with watejgjwilter the crystalline precipitate 
at the pump and wash three 3 Rour times with water. Press it 
well down and let it drain. Dissolve the moist substance in spirit 
(about 60 c.c.) and pour into a beaker to crystallise. Filter the 
crystals, wash with a little dilute spirit, and dry on filter paper 
or porous earthenware. Yield, 6 — 7 grams. 

♦ QH5NH.C2H3O + Br* = CcH^Br.NH.CjHgO + HBr 

Properties , — Colourless needles; m.p. 1*65 — 166°. On hydrolysis 
wdth concentrated hydrochloric acid, />-bromoaniline is formed (see 
above reaction for acetanilide). 


Preparation 68. 

o-NltraniUne, J 

Witt, Utermann, Ber,y 1906, 39 , 3903. 

45 grams acetanilide (finely powdered) 

50 „ acetic anhydride 

25 c.c. fuming nitric acid (sp. gr. 1*5). 

The acetanilide is suspended in the acetic anhydride in a beaker, 
cooled to about 5® and stirred with a mechanical stirrer. In another 
vessel 25 c.c. of fuming nitric acid are cooled in ice and mixed 
wnth 0*5 gram of urea and 15 grams of aceti 4 anhydride. The 




PRACTICAL ORGANIC CHEMISTBY 

cooled add mixture is added slowly to the acetanilide, the tem^ 
perature of the mixture being kept at lo — 20®. The acetanilide 
first dissolves and, as the nitration proceeds, the nitro-compound 
gradually separates as a deep yellow mass. It is left overnight 
and then mixed with about 500 grams of crushed ice, when yellow 
crystals of a mixture of ortho- and para-nitracetanilide separate. 
They are filtered, washed with water and dried. The yield is 
usually 55 — 58 grams. The two isomers are separated as follows : 
400 c.c. of alcoholic potash (made by adding i vol. of purified 
spirit and 4 vols. of water to i vol. of a 50 per cent, caustic potash 
solution) are cooled in ice to o® and stirred. The dry, powdered 
nitro-compounds are gradually added and the stirring is continued 
for three hours. The ortho-compound dissolves, giving a red 
solution, Which is filtered from para-compound and washed, first 
with about 60 c.c. of the same alUlkoIic potash solution, also cooled 
in ice, and finally with ice-cold water. On keeping the red solution 
for some time at the ordinary temperature, large, needle-shaped, 
orange crystals of <?-nitracetanihde are deposited. They are 
filtered and washed with water. The product usually melts at 
70 — 71® and is nearly pure. If not, it should be recrystalhsed from 
spirit. Yield, 30 grams. 

The insoluble residue "still contams some of the ortho-isomer, 
and by treating it again with about 150 c.c. of the same alcoholic 
potash a few grams more of the ortho-compound can be recovered. 
The final insoluble residue is nearly pure p-nitracetanilide, and 
mbits at 204 — 206®, The yield is 12 — 14 grams. It may be 
recrystalhsed from spiritj, 

C,H,NHCOCH, + UNO, = + H,0. 

Nttraceta&ilidt*. 

boiling the innitracetanilide with cone, hydro^ 
chloric acid or heated with sulphuric acid (equal volumes of cofCi 
sulphuric acid and water) an the water-bath until the product 
dissolves on pouring into water and warming, <?-nitraniline is 
produce<|, and separates on cooling in the form of orange needles* 
On redu^Ktion (see next preparation), it gives i^phenylene diawme. 
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Preparation 69. 

/trNitraniline, H.<SS: : 

Bender and Erdmann, Chemische PrdpartUenkunde, Vol. II., p. 438. 
25 grams acetanilide 
25 c.c. acetic acid (glacial) 

50 „ cone, sulphuric acid 
10 fuming nitric acid (sp. gr. 1*5). 

The acetanilide, acetic acid, and sulphuric acid are mixed by 
means of a mechanical stirrer and cooled in a freezing mixture. 
The fuming nitric acid is then gradually added from a tap-funnel 
at such a speed that the temperature does not exceed 20°. After 
the acid has been added, thegpIftKire is stirred for an hour and 
poured on to ice. The produ^ is then diluted with water, left to 
stand for a time^ filtered, washed, and dried on a porous plate. It 
may be recrystallised^from dilute alcohol, but is usually pure enough 
for further treatment. Yield is 80 per cent, of the theory; the 
remaining 20 per cent, is ortho-compound and remains in solution ; 
m.p.*207^. 

CjHj.NH.COCHa t NOj^.CeH^.NH.COCHj -f H,0. 

/>-Nitracetanilide. 

The /)-nitrace|iani]ide is either boiled with 2J times its weight of 
concentrated hydrochloric acid, or heated on the water-bath with 
tw ice its weight of equal volumes of sulphuric acid and water until 
the liquid remains clear on diluting with water. The /^-nitraniline 
which is now present in the liquid as the Jiydroc hloridc or sulphate 
is diluted with water and precipitated by the addition *of an excess 
of caustic soda or ammonia. When cold, the yellow crystalline 
precipitate is filtered, washed and re-crystallised from boiling water. 
Yield, 25 grams. 

KOj.C^H^.NHCOCH, -f H,0 -f HCl == NOa.CeH^.NHj.HCl 

/>«Nj tramline hjrdrot blonde. 

■f CHsCOOH. 

Yellow needles; m.p. 147®; soluble in hot water; 
very soluble in akohot 

Rmetims.^t, Dissolve p’5 gram of ^nitramline in i c.c. cone. HCl 
dikted eaual of water, add few small pieces of 
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ice and then 0*3 gram of sodinm nitrite. Poor the sohitbn into 
0^75 gram of p-naphthol dissolved in caustic soda solution. The 
red precipitate is p&ramiirunilim rei, 

2. Dissolve 1*38 grams of j^-nitraniline in 2*5 c.c. cone. HQ 
diluted with an equal voliime of water^ add to grams of ice and 
then o*S gram of sodium nitrite. Pour this solution into 40 c.c. 
of 18 per cent, caustic soda solution heat d to 50 — 60° and shake 
well. On cooling, golden-yellow crystals of andium diazotate, 
NOgQH^.Na.ONa, separate, and may be recrystallised from spirit. 

ITie above reactions depepd on the formation of diazonium 
saks described in Preparation 76, p. 182. 


pREPAKATION 70. 

\rn 

m-Dlnltrobeiiieiie, ^ 

Deville, Ann, Chtm, Phys , 1841 (3), 3 , 187, Hofmann, Muspratt, 
Annalen, 1846, 67 , 214. 

30 grams nitrobenzene 

35 „ (24 c.c ) fuming nitric acid : sp. gr. 1*5 

35 ,, (20 c*c.) cone, sulphuric acid. 

The acids are mixed in a flask (500 c.c.), and the ni||||>enzene 
(fided in portions of 5 — lo c.c. at a time. Heat is evened, and 
the mass becomes somewhat deeper in colour. When the nitro- 
benzene has been added, the flask is heated for a short time on 
the water-bath. A few drops are then poured into a test-tube of 
water. The dinitrobenzene should, if the reaction is complete, 
Separate out as a hard, {kle yellow cake. If it is semi-solid, the 
heating must be continu^. The contents of the flask are then 
poured, warm, into a large quantity of water. The dinitro- 
benzene^ which separates out, is filtered at the pump and well 
washed v^57th water. It is then dried. The yield is nearly 
theor^aticaj. A few grams should be recrystallised from spirit. 
Hie terlainder may be used for the next preparation without 
farther purification. 

4- HNOg C«l?4{NO*)a -f H^O. 
long needles; m,p. 90*; b^p. 

See p. 414. 
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Preparation 71. 

m-NItranllUie. 3 

Hofmann, Muspratt, Anftalen, 1846, 67 , 217. 

25 grams m-dinitrobenzene 

75 „ (95 c.c.) spirit 

12 „ (13 c.c.) cone, ammonia. 

The powdered dinitrobenzene^ spirit and ammonia are mixed 
together in a flask (i litre). Hydrogen sulphidCj washed through 
water, is passed into the dark-red pasty mass, which is occasionally 
shaken.* The dinitrobenzene slowly dissolves, whilst, at the 
same time, flakes of t'rystallised sulphur are deposited. When 
the gas has been passing for an hour the flask is removed and 
heated on the w^ater-bath for a few minutes. After cooling, the 
•liquid is again saturated with hydrogen sulphide and then heated 
on the water-bath as before. When the gas has been passing in 
a steady stream for fully two hours the process is complete. Water 
is now added to the liquid until nothing further is precipitated. 
The mixture is filtered at the pump and washed with a little water. 
The solid residue is transferred to a flask and shaken up with 
successive small quantities of hot dilute hydrochloric acid and the 
lic|uid decanted through the original filter. The nitraniline 
dissolves, leaving the sulphur. When no more nitraniline is 
extracted (this may be ascertained by adding ammonia in excess to 
a portion of the acid solution, when no precipitate is formed), the 
acid solution is somewhat concentrated, cooled, and concentrated 
ammonia added. The ;«-nitraniline is precipitated, filtered when 
cold, and purified by recr>^stallisation from boiling water. The 
filtrate from the nitraniline may be concentrated on the water- 
batli and a further small quantity obtained. Yield, about 1 5 grams, 

C«H4(NOj) 8 + 3NH4H5 =- CeH,NO,.NH> -f 3NH3 + 3S -f- 2H2O. 

w-Nitramhue 

TfOpertm.^YtWo^ needles; m.p. 114°; b.p. 285°. With tin 
atid hydrochloric acid it is reduced to w-phenylenediamine, 

C,H,(NH*V 

— Dissolve 30 grams stannous chloride 
(SitClj + aH^O) in 50 c*c. cone, hydrochloric acid in a round flask 
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(i litre) and gradually add s grams w-nitraniline. The mixture is 
heated on the water*bath until no precipitate is formed on adding 
water (J hour). The liquid is diluted with 500 c.c, water, heated 
nearly to boiling and a current of hydrogen sulphide passed in 
until all the tin is precipitated as sulphide (J — f hour). With this 
object a small quantity should be filtered and tested from time to 
time by passing in hydrogen sulphide. The precipitate is left 
overnight to subside, the clear liquid decanted and the residue 
filtered at the pump through a double-filter. The clear filtrate is 
concentrated on the water-bath until crystallisation commences 
and allowed to cool. The cr\^stals of the hydrochloride of phenyl- 
enediamine separate and are filtered. A further quantity may be 
obtained by concentrating the mother liquors. Yield, 6*5 grams. 

+ sSnCIj + 8HC1 = C,H,(NH,),2HC1 + sSnCI, + 2H,0. 

m- Phenylenc diamme bydrochlonde. 

Reaction . — Dissolve a fcw^ crystals in water, acidify with dilute 
hydrochloric acid, and add a drop of sodium nitrite solution. A 
deep brown solution (Bismarck brown) is obtained. See Appendix^ 
p. 414. 


Preparation 72. 

Dlmethylaniline, C6H5N(CH3)2. 

Poirrier, Chappat, Jahresb., 1866, p. 903. 

20 grams aniline hydrocliloride 
15 ,, aniline 

22 „ methyl alcohol. 

The aniline hydrochloride is prepared by gradually adding cone, 
hydrochloric acid to aniline (20 grams in a beaker) until a drop 
brought on to a piece of filter paper, stained with methyl violet, 
turns it green. The liquid is quickly cooled and stirred so as to 
produce small crystals. ItTs then filtered, wxll pressed and dried 
on a pdrous plate. The dry hydrochloride is brought into a thick- 
wallcd tube closed at one end, and the mixture of aniline and 
methyl alcohol added. The tube is then sealed in the ordinary 
way and heated in the tube furnace gradually to 150® during two 
hours^ and then to iSo — aoo® for six hours more* The contents 
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of the tube divide into two layers, the lower one consisting of the 
hydtochloride of the base and water, and the upper one of the free 
bases. The whole of the contents are pour^ out into a large 
separating funnel, and caustic soda added in excess. The addition 
of a little ether causes the bases to separate out more readily. The 
top layer is removed, and the lower aqueous portion is shaken up 
twice with small quantities of ether. The ethereal solution is 
dehydrated over solid caustic potash, the liquid filtered and the 
ether removed on the water-bath. The residue is now boiled with 
25 grams acetic anhydride, using an upright condenser, for an hour 
in the same flask, the side limb of which is stoppered. The con- 
tents are then distilled. Unchanged acetic anhydride passes over 
at 130 — 150"^; the thermometer then rises, and the portion boiling 
at 190 — 200° is collected separately. When the higher temperature 
is reached, it is advisable to keep only the lower half of the con* 
denser filled with water. The distillate has a bright amber colour. 
Yield, 20 grams. I'he residue in the flask consists of acetanilide 
and methylacetanilide and solidifies on cooling. 

CeH.NH, + C^HjNHg.HCl + 4CH3OH =r- 

Dimcth> laiiiline hvdrochlonde. 

4 C,n,N(CH,), + 4 H,o. 

# 

Properties , — Colourless liquid; b.p. 192®; sp. gr. 0*957 at 20®. 

Reaction , — Warm with an equal volume of methyl iodide; the 
ciy^stalline quaternary ammonium iodide will be formed, 

C\ll5N(CH3)2 -r Ciljl - CelI,N(CH,), CH,1. 

Dimethylamlme mcthiotlide. 

See Appendix, p. 414. 


Preparation 73. 


p-Nitrosodimethylaniiine, 

N(CH,), 
c.h/ No 


‘V 


C H 

• ‘\no 


T 

4 


Baeyer, Caro, Ber., 1874, 7 , 810 and 963; Meldola, Trans, Chem. Sec., 

1 881, 89 , 37- 

20 grams dimethylaniline 

52 „ (45 cc). cone, hydrochloric acid in 100 c.c, of water. 

12 „ sodium nitrite (in 20 c.c. of water). 

COHEN 's P. o. c. 


N 
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The dimethylaniline is dissolved in the dilute hydrochloric acid 
in a beaker and cooled in a freezing mixture. The sodium nitrite, 
dissolved in a small quantity of water^ is then slowly added with 
frequent stirring. The separation of the hydrochloride of nitroso* 
dimethylaniline in the form of small yellow needles soon begins, 
and tjie liquid is gradually filled with a thick crystalline deposit. 
When, after standing for a short time (half an hour), no further 
increase in the quantity of cr3?stals is observed, the mass is filtered 
at the pump and washed with spirit to which one or two cx. of 
concentrated hydrochloric acid has been added. It Ls then washed 
once or twice with spirit, drained and pressed on a porous plate. 
Yield, nearly theoretical. It may be recrystalliscd by adding small 
quantities of hot water until the salt is just dissolved, and then 
setting aside to cool. If the free base is to be prepared, recrystal- 
lisation is unnecessary. Ten grams of the hydrochloride are mixed 
into a paste with water in a flask, and caustic soda solution is added 
in the cold until alkaline. The yellow colour of the salt changes 
to green of the free base. Sufhcient ether is added to dissolve 
the green precipitate. The ethereal solution is carefully separated 
by means of a separating-funnel and most of the ether is then 
removed by distillation. The remaining liquid is poured out into 
a beaker and set aside to crystallise. The base remains on evapor- 
ation of the ether in the form of brilliant green foliated crystals. 

CeHsN(CH,),HCl + HNO, - (NO)C,H,N(CH3),.HC] + H,0. 

Nitrosodimetbyl auiUne hydiochlonde. 

Properties . — Large green foliated ciy^stals; m.p. 85®. 

Reactions. — i. Dissolve a few crystals in dilute hydrochloric acid 
and add a little zinc dust. The solution is decolorised through the 
formation of dimethyl ^-phenylenedianiine, (0113)21^ .CgH4NI!2. 

2. Warm a few of the crystals with yellow ammonium sulphide 
solution for a few minutes, acidify with hydrochloric acid, and 
finally add a little ferric chloride. A deep blue coloration is 
produced, due to the formation of methylene-blue. 

3. Dissolve 6 grams of caustic soda in 250 c.c. of water and 
heat to boiling. Add 5 grams of the hydrochloride of nitroso- 
dimethylaniline gradually. The Iree base, which separates out in 
ofly drops, is allowed to dissolve before each fresh addition. The 
boiling is continued until the dark green colour of the liquid changes 
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to reddish*-yellow. Dimethylamine is evolved and is easily recog- 
nised by its smell. After cooling, acidify the liquid in the flask 
and extract with ether. On distilling off the ether, nitrosophenol 
(quinoneoxime) remains in the form of dark-coloured crystals, 
which are difficult to purify. 

y'N(CH3)2 % 

""•"‘Co + ^ 

Quinont oxime. 

The presence of a nitroso-compound may be detected as follows : 
Melt together a minute quantity of nitrosophenol and a few crystals 
of phenol. Add about 2 c.c. concentrated sulphuric acid and 
warm very gently. A blue solution is obtained, which changes to 
red on dilution with water, and back to blue on adding alkali 
(Liebermann^s “ nitroso reaction; see Reaction 4, p. 206). 

4. Dissolve a little nitrosodimethylaniline in aniline. On cooling^ 
steel-blue needles of the additive compound, 2CeIl4NO.N(CIl3)2 + 
CgHgNHg, are formed. See Appendix, p. 415. 


Preparation 74. 

Diphenylamine 

A. W, Hofmann, Annalen, 1864, 132 , it^3. 

27 grams aniline 

25*5 ,, aniline hydrochloride. 

The aniline and aniline hydrochloride are introduced into a 
sealed tube and heated to about 240° for twenty-four hours. When 
the furnace is cold, the tubes are opened in the usual way and the 
contents melted and poured into a large beaker (2 litres) and the 
tube is rinsed out with about 50 c.c. of cone, hydrochloric acid 
diluted with half its volume of water. A solution of the hydro- 
chlorides of aniline and diphenylamine are thus obtained. On 
diluting with about li litres of boiling water the diphenylamine 
hydrochlorWe is hydrolysed (breaks up into the base and hydro- 
chloric acid), and the base is deposited as a heavy oil at the bottom 
of the vessel. On leaving overnight, it solidifies and is then filtered 
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md dried on a porous plate, itie crude base is distilled from a 
retort^ when a light-coloured oil passes over, which solidifies in 
the receiver and is nearly pure diphenylamine. The yield is about 
16 grams. To purify it, it is dissolved in ligroin, decolourised with 
animal charcoal, filtered and cooled. 

^ CeHjNHj -f CeHsNHjHCl = C«H,.NH.CeH, -f NH4CI. 

Diphcnylamnie. 

Properties . — It crystallises in colourless leaflets with a faintly 
fragrant smell, melts at 54^ and boils at 302^. 

^Reactions. — i. Dissolve a few crystals of diphenylamine in conc. 
sulphuric acid and add a small crystal of sodium nitrite. A deep 
blue colour is produced (test for nitrous acid). 

2. Dissolve a small quantity of the base in alcohol and add a 
few drops of sodium nitrite solution and a few drops of dilute 
hydrochloric acid. The yellow nitrosamine^ (C6H5)2N.NO, 
crystallises. 


Preparation 75. 

Thiocarbanfiide (Diphenylthiourea), 

6 * 5 

Hofmann, Annalen, 1849, 70 , 142. 

30 grams aniline 

30 ,, carbon bisulphide 

30 „ absolute alcohol. 

The aniline, carbon bisulphide,^ and alcohol are poured into a 
round flask (J litre), and heated for a day (8 hours) on the water- 
bath with upright condenser. As hydrogen sulphide is evolved, 
the operation must either be conducted m the fume cupboard or 
an exit tube must be attached to the top of the condenser tube 
dipping into soda-lime. The contents of the flask solidify after 
a time. When the reaction is complete, the condenser is reversed, 
and excess of carbon bisulphide and alcohol distilled off on the 
water-bath. The residue is washed on to a filter with very dilute 
hydrochloric acid, to remove any unchanged aniline, and then with 

* Carbon bisulphide being very volatile and exceedingly inflammable, 
great must be taken when using it in the neighbourhood of a flame. 
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water. The crystals are dried fti a porous plate, and a portion 
crystallised from spirit. Yield, 30—35 grams. 

2C4H5.NHj + CS* « CS(NHCeH,), + H^S. 

Properties , — ^Colourless rhombic plates; m.p. 151°; scarcely 
soluble in water, easily soluble in alcohol or ether. 

Phenyl Thioearbimide (Phenyl Mustard Oil), CgH5N:rS 

The thiocarbanilide is boiled with two to three times the weight 
of concentrated hydrochloric acid in a flask with an upright con- 
denser for half an hour. It is decomposed into triphenylguanidine, 
which remains as the hydrochloride in solution (it is subsequently 
separated), and phenyl mustard oil, which separates out as a brown 
oil. On distilling the product in steam, the phenyl mustard oil is 
carried over into the receiver. It is separated by shaking out 
with ether and removing the ethereal layer with a tap-funnel. 
It is dehydrated over calcium chloride, and decanted into a small 
distilling flask. The ether is removed on the water-bath and the 
mustard oil distilled, with the thermometer, using a short con- 
denser tube. Yield, 9 — 10 grams. 

Properties . — Colourless oil with a peculiar smell; b.p. 220°; 
sp.gr. I-I3S 15°- 

Reactions. — i. Heat gently for a few minutes 0*5 c.c. phenyl 
mustard oil, 0-5 c.c, alcohol and i.J c.c. concentrated ammonia. 
On cooling, thiocarbanilamide, NIlg.CS.Nir.CgHg, crystallises in 
needles. 

2. Heat gently 0*5 c.c. phenyl mustard oil, and 0*5 c.c. aniline; 
on cooling and rubbing with a glass rod, thiocarbanilide crystallises, 

3. Heat on the water-bath in a small flask with upright condenser 
3 grams of phenyl mustard oil and ro c.c. absolute alcohol for 
three hours, and pour into cold water, Phenylthiourethane, 
CgHgNH.CS.OCgHg, separates out and may be recrystallised from 
alcohol. Yield, grams; m.p. 67®. 

4. Heat a few drops of the mustard oil with yellow mercuric oxide 
and notice the irritating smell of phenyl carbimide (isocyanate). 

C.H5N:CS -h HgO == C,H,N:CO + HgS. 

Triphenylguanidine. — In order to separate the triphenylguanidine 
remaining in the flask as hydrochloride after distilling off the 
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phenyl mustard oil, the hot solution must be somewhat concen- 
trated. The colourless salt, which crystallises out on cooling, is 
filtered and washed with a little water. It is then warmed gently 
for a few minutes with dilute caustic soda solution. The base is 
liberated, filtered, washed with water and reciy-staliised from 
spirit. 

.NHCeHft 

2 CS(NHC«H,)j 4 * HCl =:=: CSNCeH, -f C.NHCeH^.HCl + H„S. 

:NC,H, 

Thiocarbamhde. Phenyl Mustard Tnphenvlguamduie 

Oil Hydrochloride. 

•Properties . — Colourless needles; m.p. 145'". 

Reaction , — Boil for a short time with moderately strong caustic 
soda solution. Aniline is formed. 

C:NCeH,(NHCeH,), -f .zNaOH 4 - H ,0 = aCeH.KH, 4- Na,CO,. 

See Appendix, p. 416. 


Preparation 76. 

Piazobenzene Sulphate (Benzene diazonium sulphate) CgIl5:N.S04H 

N 

Griess, Annalen, 1&66, 187 , 76; Knoevenagel, Ber , 1895, 28 , 2049. 


15 grams 

aniline 

140 „ 

(175 c.c.) absolute alcohol ^ 

30 

(16 c.c.) cone, sulphuric acid 

20 „ 

amyl nitrite. 


Mix the aniline and alcohol and add the concentrated sulphuric 
acid in a slow stream with constant shaking. The precipitate of 
aniline sulphate, which first appears, redissolves. Cool the mixture 
to 30® and keep at 30 — 35® (thermometer in the liquid) and out of 
direct sunlight whilst the amyl nitrite is dropped in from a tap- 
funnel. Then cool in ice water and leave for half an hour. The 
diazobibnzene sulphate separates as a colourless or pjile green mass 
of fii^edle-shaped cr} stals. It is filtered at the pump and washed 
with A little alcohol. Although diazobenzene sulphate is much 
more stable than the nitrate, it is undesirable to let the precipitate 


^ Neithet methylated spirit nor methyl alcohol can be substituted. 
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become quite dry. The various reactions described below are 
carried out with the slightly moist and well-pressed precipitate. 

(C,H,NH,),H,SO« 4- 2C,H„0N0 -f- H^SO^ = 2C,H.N,.SO.H 

Diazobenzenc sulfate, 

+ 2CbHiiOH -f 2HgO. 

Properties . — Colourless needles; soluble in water and methyl 
alcohol ; slightly soluble in ethyl alcohol. 

Reactions . — The following reactions are performed in test- 
tubes with about a gram of the substance. 

1. Warm the substance with a few c.c. of ethyl alcohol Vigorous 
effervescence occurs and the liquid turns red. When effervescence 
ceases, add water. An oil separates out on the surface consisting 
of benzene mixed with a little phenetole. 

CeHaN.SO.H + -f N, -f C^H.O -f H^SO* 

Bfnzrnr, 

C.HgN.SO.H + C^HeO^ CeH,OC,H, -f K, -f H,SO,. 

l*henetole. 

2. Dissolve about a gram of the substanre in a little water, 
cool in ice and make alkaline with caustic soda. Make an alkaline 
solution of stannous hydrate by dissolving 3 — 4 grams of stannous 
cMoride in twice its weight of water and adding strong caustic 
soda solution until the precipitate redissolves. Cool the diazo- 
solution and add the alkaline stannous hydrate. Effervescence 
occurs, nitrogen is liberated and benzene separates on the surface 
of the liquid and can be detected by its smell. 

CeHfiNj.ONa f Sn(ONa)jj + HjO == C^He + Na^SnOs + NaOH. 

3. Dissolve the substance in a few c.c of cold water and add a 
solution of bromine in potassium bromide until no further turbidity 
is produced. A black oil collects at the bottom of the test-tube. 
Pour off the top layer as far as possible, and let the oil stand in cold 
water. It solidifies. This is the perbromide of diazobenzene. 

+ KBr + Bra = C^H^NBrNBra + KUSO*. 

Decant any liquid and warm the perbromide with a little alcohol 
Nitrogen and bromine are given off and bromobenzene is formed. 


C^HjNBrNBr* - C«H«Br + -f Brj,. 
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By the action of ammonia on the perbromide, diazobenzolimide 
(phenylazoimide) is formed. 

C.H.NBr.NBr, + NH, = + sHBr. 

4. Dissolve the substance in a little cold water and add potassium 
iodide solution. Effervescence occurs and a dark-coloured liquid 
separates. This is iodobenzene. 

C^H.NjSO.H -f K1 CJI J + Na 4- KHSO,. 

5. Dissolve the substance in water and warm gently. Effer- 
vescence occurs and a dark-coloured oil separates, which has the 
smell of phenol. When effervescence ceases, cool and shake up with 
a little ether. Decant the ether into a dry test-tube. Evaporate 
the ether and test the residue for phenol, see p. i86. 

CeH.NjSO^H + HjO = 4 H,S(\ -f N^. 

6. Dissolve the substance in cold water and add it to a solution 
of phenol in caustic soda, drop by drop. An orange, crystalline 
precipitate of hydroxyazobenzene is formed. Repeat, using 
p-naphthol in place of phenol. A scarlet precipitate is obtained. 

CsH.N,S 04H 4- C^HsONa = C4H.N:N.C4H40Na 4 Ka^SO. 

-h 2NaOH 4 2H*,0. 

7. Dissolve in cold water and add a few^ drops of aniline, and 
shake up. Diazoaminobenzene separates out as a yellow cTystalline 
precipitate. 

C4HjN,S 04H 4 C4H4NH2 = C4H4K:N,NHC4H, f HaS04. 

8. Heat 0*5 gram of the dry substance on an iron tray. It 
decomposes with slight explosion. 

Any of the diazo-compound which remains over should be dis- 
solved in water and poured away. See Appendix^ p. 417. 

Preparation 77. 

Toluene from p-ToIuidine, CgHg.CHg. 

FriedlAnder, Ber., 1889, 22, 587. 

10 grams />-toluidine 

30 C.C, cone, hydrochloric acid (in 60 c.c. water) 
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7 '5 grams sodium nitrite (in powder) 

15 „ caustic soda (in 50 c.c. water) 

30 ,, stannous chloride (in 75 c.c. water) 

The />-toluidine, which is placed in a beaker, is dissolved in the 
hydrochloric acid by warming and is then cooled under the tap, 
so as to obtain small crystals of the hydrochloride. The beaker is 
placed in a freezing mixture and the contents cooled below 10®. 
The powdered sodium nitrite is added in small portions at a time 
with stirring, the temperature being kept below 10°. The hydro- 
chloride gradually dissolves in the form of the soluble diazonium 
salt. Towards the end of the operation a drop of the solution is 
occasionally tested with potassium iodide and starch paper after 
allowing time for the last portions of nitrite to react when an excess 
of nitrite is indicated by a blue stain. ^ The solution is poured 
very slowly into the solution of caustic soda previously cooled in 
ice so that the temperature does not rise above 10®. 

CHa.CJI^N^Cl 4 2NaOH = CHg.CeH.N^ONa + NaCl 4 HjO. 

Meantime the stannous chloride solution is conv^erted into sodium 
stannite by adding a 50 per cent, solution of caustic soda until 
the precipitate of the hydrate nearly redissolves (about 30 grams 
of caustic soda). The liquid is placed in a round flask (500 c.c.) 
attached to a condenser and cooled in ice. The alkaline diazo- 
solution is poured through the top of the condenser in small quantities 
at a time. After each addition there is a vigorous effervescence 
and evolution of nitrogen, and a brown oil separates which consists 
of impure toluene, 

CH3CeH4NjONa + Sii(ONa)2 4- H/) 4 4 Na^SnOg 

4 NaOH. 

When the solution has all been added, the toluene is distilled off 
in steam, separated from the water, and dehydrated over calcium 

^ The potassmm iodide-starch paper is prepared by grinding up about 
0*5 gram of starch with a little water, adding about 100 c.c, of boiling 
water and boiling for a few minutes. About 0-5 gram of potassium 
iodide is added, and when dissolved and^ well shaken strips of filter 
paper are immersed, drained and dried. Cadmium iodide may be used 
in place of the potassium salt, as the paper keeps longer free from 
discoloration* 
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chloride. It distils at iio®. Yield, 5 — 6 grams. See Appendix^ 
p. 419- 


Preparation 78. 

/rCresol, 4 

Griess, Anmien, i 860 , 137, 39 ; Ihle, J. praht. Ghent, , 1876 , 14, 451 . 

25 grams /)-toluidine 

25 „ cone, sulphuric acid (in 750 c.c. water) 

20 „ sodium nitrite (in 40 c.c. water). 

Mix the dilute sulphuric acid and toluidine in a large round 
flask (ij litre) and cool to the ordinary temperature. The nitrite 
solution is gradually added. The clear solution is then gently 
warmed on the water-bath until the evolution of nitrogen ceases. 
The solution, which has become very dark coloured, is distilled 
in steam until the distillate produces only a slight precipitate 
with bromine water (500 c.c.). A small quantity of tarry residue 
remains. The distillate is then extracted three times with small 
quantities (50 c.c.) of ether. The ethereal solution is dehydrated 
over anhydrous sodium sulphate, filtered, and the ether removed 
on the water-bath. The ^-cresol is then distilled over the flame 
with a Condenser tube, and collected at 195 — 200®. The distil- 
late, which has a yellow colour, solidifies on cooling. Yield 10 — 15 
grams. 

(CH8.CgH4NH,)gH,S04 + 2NaN08 = OH 

^-Cresol. 

-j" 2 Ng d" 2H2O. 

Properties , — Colourless crystals ; m.p. 36® ; b.p. 202®. 

Reactions . — Make a solution of ^resol by shaking up a few 
drops wjth 5 c.c. 6f water.^ To one portion add a few drops of 
bromine water. A white precipitate of tetrabromocresol is formed. 
To another portion add a drop of ferric cholride. A blue coloration 
is produced. See Appendix, p. 419. 
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Preparation 79. 

rw T 

p-Chlorotoluene, CeH4<Q 3 ^ 

Sandmeyer, Ber., 1884, 17 , 2651 ; Wynne, Trans. Chem. Soc., 1892, 
81 , 1072; Organic Syntheses, Vol. IXI. p. 33. 

50 grams />-toluidme 

120 cx. cone, hydrochloric acid (in 80 cx. water) 

40 grams sodium nitrite (coarsely powdered) 

30 ,, copper carbonate to be dissolved in 300 c.c. cone, 

hydrochloric acid. 

Dissolve the ^-toluidine in the hydrochloric acid and then cool 
quickly in a beaker, and stir so as to obtain small crystals. Place 
the beaker in ice and salt and, whilst it is cooling, prepare a solution 
of cuprous chloride. Dissolve the copper carbonate in the hydro- 
chloric acid, and boil with excess of copper turnings until a nearly 
colourless solution is obtained. The solution is dec^anted into a 
large round flask (2 litres), which is loosely corked, and placed in 
ice.^ Whilst this solution is cooling to 0° the diazotoluene chloride 
is^ prepared by adding the powdered sodium nitrite gradually to the 
/>-toluidinc hydrochloride and stirring. The temperature should 
not rise abovx 10°. When three-quarters of the nitrite has been 
added, test occasionally with potassium iodide-starch paper until 
a drop giv'es an immediate deep blue or dark brown coloration. 
Add this solution gradually in portions of about 20 cx'. at a time 
to the cold solution of the cuprous chloride, and shake up well 
after each addition. A thick crystalline mass of orange-coloured 
needles, consisting probably of the diazo-copper salt, separates, 
and, on standing, decomposes slowly, forming a dark-coloured 

^ If a syphon of sulphur dioxide is available, the cuprous chloride 
may be prepared by passing the gas into a solution of 125 grams CuSO- 
(s=r 32 grams C'u) and 60 grams of common salt dissolved in 400 cx. of 
water and heated to 60 — 70°. When no more CuCl is precipitated, the 
product is filtered and washed with water. To obtain the dry ctimrous 
chloride (not necessary in the above preparation), the filtered chlodde 
is washed free from sulphurous acid with glacial acetic acid and the 
acetic acid removed on the water-bath. Cuprous chloride may also 
be obtained by adding to the above quantities of a hot solution of copper 
sulphate and salt, 26 grams of sodium bisulphite and 17 grams of 
caustic soda in 200 c.c. of water. 
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liquid. After standing a short time, the liquid is distilled in steam. 
The distillate is shaken up with a little caustic soda to remove 
cresol, and the chlorotoluene, which sinks to the bottom, is separated. 
The liquid is further shaken out with a little chloroform, which is 
then added to the chlorotoluene, and the whole dehydrated with 
calcium chloride. The liquid is decanted, the chloroform distilled 
off and the residue collected at 155 — 165°. Yield, about 45 grams. 

CHgC^H^NHjHCl + NaNO* -f HCl « CHaC^H^NjCl -f 

NaCI -h 2H*0. 

CHjC^H^N.Cl « CHjCeHtCl + N^,. 

/>-ChIorotoliieru‘ . 

Properties . — Colourless liquid; b.p< 162°; m.p. 7*4®. 

Reactions . — ^p-Chlorohenzoie Acid. — ^Bbil 10 grams /)-chloro- 
toluene with 20 grams permanganate dissolved in 500 c.c. of water 
in a brine or calcium chloride bath, with upright condenser, for a 
day. The bath should keep the contents of the flask boiling briskly 
whilst the permanganate is gradually added. The oily drops of 
chlorotoluene will gradually cease to drip from the condenser and 
the permanganate will be nearly decolourised. 

The precipitated manganese dioxide is now dissolved as sulphate 
by passing in sulphur dioxide gas until the last trace of brown 
precipitate has disappeared. The colourless chlorobcnzoic arid 
comes dowm in the acid solution on cooling, and is filtered, washed 
with water, and recrystallised from spirit; m.p. 236®, The yield 
is theoretical. 

CHj.CeH^Cl + O, =- COOH.CeH^Cl + Hfi. 

Reaction . — ^To i gram of />-chlorobenzoic acid in 5 c.c. of water 
add gradually anhydrous sodium carbonate and heat On the water- 
bath until a clear solution of the acid is obtained (about 0*5 gram 
of anhydrous Na^COg). Add i gram of ^-nitrobenzyl bromide in 
10 c.c. of alcohol and boil with reflux for J hour. Filter the crystals, 
wash with dilute alcohol and crystallise from boiling alcohol The 
ester crystallises in needles ; m.p. 132®. 

See Appendix, p. 419, 
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Preparation 80. 

/^-Bromotoluene, CgH4<g*^® ^ 

Sandmeyer, Ber., 1884, 17 , 2651 ; Gattermann, Bar., 1890, 28 , 1218. 

50 grams /?-toluidine 

100 c.c. cone, hydrochloric acid (in 60 c.c. water) 

35 grams sodium nitrite (in powder) 

90 crystallised copper sulphate (in 300 c.c. water) 

45 potassium bromide (in 100 c.c. water) 

150 c.c. hydrobromic acid (sp. gr. 1*49^ see p. 362). 

The />-toluidine is diazotised as described in the previous experi- 
ment (Prep. 79) by forming the hydrochloride, cooling and gradually 
adding the sodium nitrite. The solution ol the diazonium chloride 
is then poured into cuprous bromide dissohed in hydrobromic 
acid. The cuprous bromide is prepared by adding the potassium 
bromide solution to the copper sulphate solution and passing in 
sulphur dioxide until no more prec ipitate forms. The white cuprous 
bromide (about 35 grams) is filtered, washed, and well pressed on the 
ifinnel and introduced into a round flask (xj litre). It is dissolved 
in 150 c.c. hydrobromic acid and well cooled in ice. The diazonium 
chloride is now added slowly with constant shaking. A thick pasty 
mass separates and nitrogen is evolved. When the evolution of 
gas has slackened the flask is heated on the water-bath until 
effervescence ceases, and the bromotoluenc is then distilled in steam. 
The heavy yellow liquid is extracted with chloroform, shaken with 
caustic soda solution to remove traces of cresol, dehydrated over 
calcium chloride, and distilled. The distillate is collected at 180 — 
190°. On cooling, it solidifies to a pale yellow mass, m.p. 28*^; b.p. 
185°. Yield, 35 grams. 

CHs.CeH^NjCl -f CuBr == CH,.CeH4Br -f CuCl + Nj. 

/>-Hromotolueue . 

Gfttternxanii’s Method. — ^According to this method the diazonium 
bromide is first prepared and then decomposed by finely divided 
metallic copper. Ilie 50 grams />-toluidine are dissolved in 200 c.c. 
hydrobromic acid previously diluted with 100 ex. water and 
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diazotised in the usual way* To this solution the copper powder is 
gradually added. It is prepared by dissolving loo grams crystallised 
copper sulphate in 300 c.c. water and dusting in through a fine 
muslin bag 25 grams zinc dust with constant stirring* It is left 
until the blue colour of the copper salt has nearly disappeared. 
The precipitate powder is washed by decantation two or three 
times with cold water and then with very dilute hydrochloric 
acid to remove metallic zinc, and finally filtered and washed at the 
pump. ITie pasty mass is not allowed to dry, but is added at once 
in small quantities to the diazonium solution with constant stirring. 
After the evolution of nitrogen has ceased, the bromotoluene is 
distilled in steam and purified as described above. 

See Append ixy p. 419. * 


Preparation 81. 

p-Iodotofuene. 

Griess, Annalen, 1866, 187 , 76. 

25 grams />-toluidine 

50 „ (27 c.c.) cone, sulphuric acid (in 250 c.c. water) 

20 ,, sodium nitrite (in 40 c.c. water) 

60 „ potassium iodide (in 100 c.c* water). 

Mix the dilute sulphuric acid and p-toluidine in a large beaker 
(J litre) and cool to 0° in a freezing mixture. Stir whilst cooling, 
to produce small crystals of the sulphate. Add the solution of 
sodium nitrite slowly, and if the temperature rises above 10°, add 
a few lumps of ice. When three-quarters of the nitrite solution 
has been added, test occasionally with potassium iodide-starch 
paper until a blue or brown stain is produced. Now add the solution 
of potassium iodide gradually, and, after well stirring, leave the 
mixture at the ordinary temperature for an hour, and then warm 
cautiously on the w^ater-bathaintil effervescence ceases. 'Ihe liquid 
is dark coloured, and a black oil settles to the bottom of the vessel, 
which when cold solidifies. The oil consists of iodotoluene, and the 
dark colour of the solution is due to free iodine, which may be 
removed by the addition of a gram or two Of sodium bisulphite. 
The mixture is now distilled in steam, using a beaker as receiver. 
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Care must be taken to prevent the condenser tube becoming blocked 
by the iodotoluene, which is solid at the ordinary temperature. 
This is effected by running the water very slowly through the 
condenser so that the upper part remains warm. The iodotoluene 
solidifies in the receiver. It has a yellow tint^ which may be removed 
by recrystallisation from spirit. Yield, 45 — 50 grams. 

CHg.CeHgNHj + NaNO* + 2H2SO, =- CHg.C^H.N. SO^H + 

NaHS04 4- HjjO. 

CH3.C4H4N3.SO4H 4- KI = CH3.C4H4I 4- N3 4^ KHSO4. 

Iodotoluene. 

Properties , — ^Colourless plates; m.p. 35°; b.p. 21 1 — 212°. 

1. TolyXiodochloride. — Dissolve 10 grams iodotoluene in five times 
its weight of chloroformT, cool in ice, and pass in dry chlorine until 
saturated. If a chlorine cylinder is not available, the chlorine is 
conveniently made by dropping concentrated hydrochloric acid 
from a tap-funnel on to powdered potassium dichromate or per- 
manganate in a round flask, heated on the water-bath. The chlorine 
is dried through concentrated sulphuric acid. When chlorine is 
no longer absorbed, the yellow needle-shaped crystals of the iodo- 
chloride are filtered, washed with a little chloroform, and dried on 
a porous plate. 

. CH3 CJ-r4l 4- CI3 - CH3 CeH4lCb 

2. lodosotoluene. — Dissolve 2*5 grams caustic soda in 20 c.c. 
water, and grind with 5 grams of iodochloride in a mortar. Leave 
overnight and then filter and wash with water. The colourless 
crystals of the iodoso-compound are dried on a porous plate. 

CH3.C4H4ICI3 4- 2NaOH == CHa.CeH^IO ^ iNaCl 4- H3O. 

See Appendix, p. 420. 


Preparatjon 82. 

p-Tolylcyanide, * 

Sandmeyer, Bet., 1884, 17 , 2653. 

20 grams ^-toluidine 

45 c.c. cone, hydrochloric acid (in 150 c.c. water) 

16 grams sodium nitrite (in 40 c.c. water) 

50 ,, copper sulphate (in 200 c.c. water) 

55 „ potassium cyanide, or 41 grams sodium cyanide 

(in roo c.c. water). 
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The copper sulphate is dissolved in 200 c.c. water on the water- 
bath in a round flask (2 litres). Pure potassium cyanide is gradually 
added to the warm solution.’*' The cuprous cyanide dissolves 
in excess of the potassium cyanide, and cyanogen gas is liberated, 
2CUSO4 + 4KCN 2 CuCN -f- + (CN)^. The solution is 

left, whilst the p-toluidine is diazotised. The base is dissolved in 
the dilute hydrochloric acid, cooled in ice, and well stirred. Ihe 
mixture is kept cold whilst the sodium nitrite solution is gradually 
added, until it gives an immediate coloration with potassium 
iodide-starch paper. The diazo-solution is then added in portions 
of about 10 cx. at a time to the warm cuprous cyanide solution, with 
frequent shaking. A rapid effervescence occurs, nitrogen and some 
hydrocyanic acid being evolved. When, in the course of about 
fifteen minutes, the diazo-solution has been added, it is left on the 
water-bath until effervescence ceases (J hour). The liquid turns a 
dark colour, and a black tarry deposit is formed. The product is 
distilled in steam. This should be carried out in the fume cupboard^ 
as not only is hydrocyanic acid liberated, but a small quantity of 
isocyanide, which is formed in the reaction, and produces an 
intolerable smell. The distillation is continued until no more 
yellow oil passes over. The tolyl cyanide solidifies in the receiver 
on cooling as a yellow crystalline mass, which is filtered, dried on a 
porous plate, and may be purified by distillation; but for the 
preparation of toluic acid this is unnecessary. Yield, about 15 
grams. 

CHg C^H^NHa.HCl -f NaNO^ -f HCl == CHa.CeH^N^Cl -f 

KaCl + 2HaO. 

CH8.CH4N2CI -f CuCN = CHa.CflH^ CN + + CuCl. 

Toly] cyanide. 

Properties , — Colourless crystals ; m.p. 29^; b.p. 2x8°. 

Reactions, — i. Tolylfminoetlier. — Dissolve 2 grams of tolyl 
cyanide in 0*5 cx. of alcohol and add a few drops of dry ether and 
saturate with dry hydrogen chloride. The vessel is stoppered with 
a calcium chloride tube and left in the cold for twenty-four hours, 
when the hydrochloride of the iminoether will have crystallised. 

.NH.HCl 

CNj-C^H^CN -f C*H,OH -f HCl =« 
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tip 10 grams tolylcyanide with a mixture 
bf 30 c%€. cone* sulphuric acid and 20 c.c. water, in a round flask 
with upright condenser until colourless crystals of toluic acid appear 
in the condenser tube (about half an hour). On cooling, the acid 
crystallises out, and is separated by filtration, washed with water 
and recrystallised from hot water; m.p. 179®. 

CHj.CeH^.CN + 2 HjO -f HjSO^ =- CH^.C.H^.CO.OH 

/>-Tolmc and. 

-f NH,.H SO,. 

The yield is nearly theoretical. 

Terephthalio Acid. — Dissolve 5 grams p-tolui(' acid in dilute 
caustic soda solution and boil with reflux condenser, adding 12 
grams of permanganate in 250 c.c. water gradually from a tap- 
funnel inserted through the top of the condenser. When the red 
colour of the permanganate persists after continued boiling the 
solution is treated with sulphur dioxide (see p. 188), which dissolves 
the manganese dioxide and precipitates the terephthalic acid as 
a white amorphous powder. The latter is filtered, washed, and 
dried. It sublimes without melting at 300® and is insolpble in water 
and alcohol. The yield is nearly theoretical. 

CHg.C^H, COONa -f NaOH 4- aKMnO, =- 

NaOOC.C^H, COONa + 2KOH 4 MnO^ 4- 2nfi 

bodmm terephthalatc 

Properties . — It sublimes at about 300^ without melting and with- 
out forming an anhydride (see phthalir acid, p. 270). It is almost 
insoluble in water, alcohol and ether, 

Terephthalic Ester is prepared by adding to x gram 
of the acid 2*6 grams of PCI5 and warming until completely liquefied. 
The product is then boiled for an hour with 15 c.c. of methyl alcohol 
with reflux condenser and poured into water. The methyl ester 
crystallises; m.p. 140®. 

C,H,(COOH)a 4 2PClj ^ C,H,(COa)* 4- 2PC>Cl3 4 2HCI 

Terephthalic chloride 

C,H 4 (C 0 C 1 ), + 2 CH, 0 H =- C,H,(COOCH,), + 2HCI 

Tcrcphthulu methyl 

POCI 3 + CHjOH = (CH,0)jP0(0n) + 3 HCI. 

Methyl phosphoric es*ir. 

The methyl phosphoric ester is soluble in water. 


cohen’s p, o. c. 


o 
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Preparation 83. 

Olazoaminobanxene, C«H5N:N.NH.CeHfi, 

Gritss, Annakn, 1866, 187 , 58; Staedel, Bauer, Ber,, 1886, 19 , 1952. 


20 grams aniline 

6 „ cone, sulphuric acid 

600 „ water 

7*4 jj sodium nitrite. 


The acid is poured into the water contained in a large beaker 
(i litre) and the aniline then added. About half the aniline dis- 
solves as sulphate. The liquid is warmed in the water-bath to 
27®, and the sodium nitrite, dissolved in a small quantity of water, 
is slowly added and the whole well stirred. The temperature 
is maintained at 27 — 30° for a quarter of an hour. As soon as 
the sodium nitrite is added, the liquid turns yellow and rapidly 
becomes turbid from the formation of diazoaminobenzene, which 
separates out in yellowish-brown crystalline crusts. The solution 
is now allowed to stand at the ordinary temperature for half an 
hour, when nearly the whole of the diazoaminobenzene crystallises 
out. It is filtered, washed with cold water, pressed well on the 
hlter, and dried on a porous plate or a pad of filter paper. It forms 
a brown sandy powder, and may bt‘ purified by recrystallisation 
from benzene or akohol. In crystallising, it is necessary to bring 
the substance into solution as quickly as possible. Boiling sjiirit 
(about three times the weight of substance) should be added and the 
liquid heated for a moment until a clear solution is obtained, and 
then allowed to cool. On prolonged boiling it decomposes, h or the 
preparation of aminoazobenzene the dry powder is sufliciently pure. 
Yield, nearly theoretical. 


(C,H^NH*),HjS 04 + zNaNO, + 2H,SO. 

2C,H^N,.S0,H -f NajSO. 4^ 4H,0. 
C^H^NtN NHC^H* 4- 
Diazoamiiiobcftiieni*. 


N.B.-r-*The sulphiinc acid, set free in the second phase of the reaction, 
acyts upon the soaium nitrite, so that one molecule only is required. 


Prapeftm.--Golden-yeUow plates (from alcohol), m.p. 98^; 
insoluble in. water; it explodes when heated above its melting-- 
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Reactim , — Dissolve a little of the substance in alcohol and add 
a drop or two of an alcoholic solution of silver nitrate. A red 
crystalline precipitate of QII^NiN.NAg.CgHg is deposited. See 
Appendix^ p. 420. 


Preparation 84. 

Aminoazobenzene (Aniline yellow), CeH5N:NCeH4NH2. 

M^ne, Jahresh., 1861, 496; Kekul6, Zeitsch. f. Ch., 1886, 2 , 689 ; Staedel, 
Bauer, Ber., 1886, 19 , 1953. 


10 grams diazoaminobenzene 
25 „ aniline 

5 „ aniline hydrochloride. 

The finely powdered diazoaminobenzene, aniline hydrochloride 
(see p. 176), and aniline are mixed together and heated to 40® for 
an hour. The mixture forms a clear, deep red solution. After 
standing for twenty-four hours at the ordinary temperature, the 
diazoaminobenzene is converted into aminoazobenzene. A slight 
excess of moderately strong hydrochloric acid is added, care being 
taken that no great evolution of heat occurs. On cooling, the 
aminoazobenzene separates out together with aniline hydrochloride. 
It is filtered and washed with cold, very dilute hydrochloric acid, 
when small violet crystals ol aminoazobenzene hydrochloride 
remain on the filter. In order to obtain the free base, the hydro- 
chloride is warmed with dilute ammonia. The base, which has a 
brown colour, is filtered and dissolved in hot spirit, with the addition 
of a few drops of concentrated ammonia. Yield, about 8 grams. 


C^H^N.N.NHCeHs + HXeH4NH..HCl 

CcH^N 


Properties . — Orange prisms ; m.p. 127°. 

Reaction , — Make a solution of 4 grams stannous chloride in 
10 c.c. cone, hydrochloric acid, add 2 grams aminoazobenzene, 
and boil for a few minutes. On cooling crystals of the hydro* 
chlorides of aniline and /)-phen3denediamine separate out. The 
liquid is filtered and washed with a little cone, hydrochloric acid to 
remove the tin salts. If the precipitate is dissolved in water and 

oa 
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made alkaline with caustic soda, a mixture of liquid aniline and 
solid j^-phenylenediamlne is precipitated, from which the former 
may be removed by filtering, washing, and draining on a porous 
plate. 

C*H8N:N.C.H4NH. + 2SnCL + 4HCI « 

CeHsNHg 4" HjN.CeH^.NH* + 2SnCl4, 

/»-Phenylenediamine, when warmed with dilute sulphuric acid 
and potassium dichromate or lead peroxide, gives the odour of 
quinone (p. 226), After warming and cooling, extract with ether. 
The ethereal solution has a 3'ellow colour. Decant the ether 
extract on to a watch-glass and leave it to evaporate in the air. 
A deposit of microscopic yellow crystals remains. See Appendix, 
p. 421. 


Preparation 85. 

Phenylhydrazine, CeHgNH.NHj 

E. Fischer, Annalen, 1878, 190 , 167; Meyer, Lecco, Ber., 1883, 16 » 
2976; Meyer and Jacobson, Lehrbuch, 2 , 30*5. 

70 grams aniline 

190 C.C. cone, hydrochloric acid (diluted with 250 c.c. of water) 
53 grams sodium nitrite (in 100 c.c. of water) 

400 „ sodium sulphite crystals 

60 „ sodium carbonate (anhydrous). 


The aniline hydrochloride is diazotised in the usual way (see 
p. 185) and the diazo-solution gradually added to a well-cooled 
mixture consisting of 400 grams sodium sulphite crystals, 60 grams 
of sodium carbonate (anhydrous) and 250 c.c. of water, which 
is mechanically stirred. A deep orange, crystalline precipitate is 
formed. After the addition of the diazo-solution the mixture is 
Stirred for some time at the ordinary temperature, until a sample 
heated in a test-tu6e no longer appears turbid. The mixture is 
then warmed to 30° and reduced by passing in a current of sulphur 


§oxid€. When thoroughly saturated (indicated by l>he bubbles 
leitig no longer absorbed and by the smell of the gas) it is warmed to 
70^ and filtered. The filtrate is stirred and mixed with 
llo cx. cone* hydrochloric acid^ when the crystalline phenylhydrazine 
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hydrochloride gradually separates. After leaving overnight it is 
filtered, pressed well, and the solid suspended in a little water and 
made alkaline with caustic soda solution, warming if necessary* 
The free base, which is liberated as a reddish oil, is extracted twice 
with benzene, the benzene solution dehydrated over potassium 
carbonate or caustic soda, and the benzene distilled on the water- 
bath. The residue is then distilled in vacuo, the first portions 
boiling below 100° being rejected. Phenylhydrazine distils at 
about 140*^ at 60 mm. The yield is 60 — 65 grams. ^ 

C^HfiNaCl 4- Na^SOa - CeH^NaSOaNa + NaCI. 

Diazobfti/ene sodmm sulphonate. 

CeHtNjSOaNa -f SO^ -f C.H^NH.NH.SOjNa + 

Phenylhydrazine^ sodiuni sulphonate. 

C^HjNH.NH.SOsNa 4 HCI 4- H ,0 =■ C,H,NH.NH«.HC1 4- NaHSO^. 

phenylhydrazine hydrochloride. 

Properites . — Nearly colourless oil freshly distilled ; b.p. 241 — 
242^; m.p. 17*5®; sp. gr. 1-097 at 23^ 

Reactions. — i. Add a few drops of phenylhydrazine to 2 c.c. 
of water, then a drop or two of copper sulphate solution and excess 
of caustic soda. Cuprous oxide is precipitated with effervescence 
and benzene separates, CgHgNH.NIIg + 2CuO ~ 4~ N2 + 

CugO + HgO. The same reaction takes place if the phenylhydrazine 
is dissolved in dilute acetic acid and copper sulphate solution added 
and warmed. 

2. Add 2 grams of phenylhydrazine to 4 c.c. water in a boiling 
tube, warm until dissolved, and then add about 3 c.c. of a warm 
saturated solution of cupric hydrate dissolved in cone, ammonia. 
Nitrogen is evoh ed and cuprous hydroxide dissolves. Add a xo 
per cent, caustic potash solution until there is a slight permanent 
precipitate of cuprous hydroxide and heat the liquid in the water- 
bath. A copper mirror is deposited on the surface of the glass 
(Chattaway), 

3. Add to a few drops of phenylhydrazine an equal quantity 
of glacial acetic acid, dilute with a little water, filter, if necessaiy^, 
and add a drop of benzaldehyde. In a short time the phenyl- 
hydrazone of benzaldehyde will separate and may be recrystallised 

^ The product when dissolved in glacial acetic acid and diluted with 
water often gives a turbid solution, due to the presence of a little 
diphenyl. 
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from spirit, m,p. 156®. If the hydrazone is dissolved in cone, 
sulphuric acid and ferric chloride solution be added, a deep blue 
coloration will be produced (Billow's reaction). 

See also the Reactions on pp. 334 and 320, and Appendix^ p. 422* 

4. Plienyliiiethylpyrazolone. — ^Mix together 10 grams phenyl- 
hydrazine and 12*5 grams acetoacetic ester in a flask (200 c.c.). 
After standing for some hours, the separated water is removed and 
the mixture heated on the water-bath for two hours. The product 
on cooling is rubbed with a little ether to remove colouring matter, 
filtered and washed with ether (Knorr). It may be recrystallised 
from dilute alcohol or hot water; m.p. 127°. Yield 12 grams. 

CH3.C O ^CHg.COfoCjH”: CHj.C CH3.CO 

i i ; •• ’ - 1! I 

4. NH. NiH:CeH, N 

-f- H,0 -f CaH.OH. 

This compound is ver>" reactive, combining with nitrous acid to 
formanitroso compound, with diazonium salts and with aldehydes. 

Preparation 86. 

NILNIIo 

/\ 

p-Nitrophenylhydrazine, { | 

\/ 

NO2 

Bamberger, Ber., 1896, 29, 1834; Davies, Trans. Chem, Soc., 1922. 121, 
10 f^ams ;^-nitraniIine 

21 c.c. cone, hydrochloric acid (and 20 c.c. of water) 

6 grams sodium nitrite (in 10 c.c. of water) 

41 „ sodium sulphite, Na^SOg, 71120 (in 100 c.c. of w^ater *). 

4 „ caustic soda. 

The /j-nitraniline fs dissolved in the h) drochloric acid and cooled 
quickly to o® in a freezing mixture so as to obtain the hydrochloride 

^ In place of sodium sulphite, ammonium sulphite may be used, and 
Is prepared by passing SO, into a mixture of i part of cone, ammonia 
|sp. mr. 0*880) and 2 parts of powdered ice in a freezing mixture until it 
llmeus strongly of SO,, and it is then neutralised with ammonia. Forty 
1*C. of this ^ntion are used in place of the sodium sulphite and 8 c.c. 
^nc. ammonia added. 
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of the base in a fine state of division. The diazotisation is effected 
in the usual way by the gradual addition of the nitrite solution 
cooled to o®, the mixture being vigorously stirred. The stirring is 
continued for a few minutes after the addition of the nitrite, the 
solution filtered quickly and then added from a tap-funnel to the 
ice-cold sodium sulphite solution containing the 4 grams of caustic 
soda, whilst the mixture is stirred. The addition requires five 
minutes. The liquid is left for a further five minutes, then acidified 
with 70 c.c. cone, hydrochloric acid and warmed on the water-bath 
at 55° for three minutes. It is left overnight, when a mass of yellow 
needles separate. They are filtered and drained and the crystals 
heated on the water-bath with 20 c.c. cone, hydrochloric acid for 
seven minutes, when the colour changes to orange, the crystals 
remaining undissolved. After cooling for a time the sodium salts 
and the nitrophenylhydrazine hydrochloride are dissolved in water^ 
and 7 to 8 grams of a cold saturated solution of sodium acetate 
added when the base separates. The yield is about 7 grams. It 
may be recrystallised from alcohol and melts at 158 — 159'^. 

NOa.CeH^.N.Cl -f + H^O - N 02 .CeH 4 N(S 05 Na)NHS 03 Na -f 

NaCl 4- NaOH 

K03.C«H4N(S03Na)NI£S03Na -f HCl + 2 naO == 

Nitrophenvlhvdrazme disochum sulphonate. 

NO 2 .C 0 H 4 NH.NH 3 .HCl + aNaliSO*. 

Properlies . — base crystallises in orange-red leaflets. 


Preparation 87. 

Sulphanilic Acid, ^ 

Gerhardt, AnnaUn, 184G, 60 , 312; Buckton, Hofmann, Annalen, 
1856, 100 , 163. 

25 grams aniline 

80 ,, cone, sulphuric acid. 

The aniline and sulphuric acid are cautiously mixed in a round 
flask (250 c.c.) and heated to 180 — igo"" in an oil or metal bath hx 
four to five hours until a sample dissolved in water remains dear 
on the addition of caustic soda in excess and no aniline separates,^ , 
The product is poured into cold water, which precipitates 
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sulphanilic add as a grey crystalline mass. It is filtered; wasfied 
with a little cold water; recrystallised from hot water with the 
addition of a little animal charcoal, and dried in the air. Yield, 
grams. 

C^HjNHa -f HgSO^ - NHj.CeH^.SOjH + HjO. 

Sulphanilic acid. 

Properties . — Colourless rhombic plates, containing 2 mols. of 
water of cr^^stallisation, which they lose slowly in the air, and the 
crystals fall to powder. See Appendix, p. 423. 

Reaction . — Add to a small quantity (about 0-2 gram) of the 
sulphanilic acid 2—3 c.c. of dilute hydrochloric acid and then a few 
small crystals of sodium nitrite. Pour this solution into a solution 
of about 0-2 gram of p-naphthol dissolved in dilute caustic soda 
solution. A brilliant azo-colour is precipitated. 

C.H.<S( 5 h + 2NaOH 

= + NaCl + H,0. 


Preparation 88. 

Methyl Orange (Helianthin), S03Na.CeH^N:NXeH,N(CH3)2, 

10 grams sulphanilic acid 

2*5 ;; anhydrous sodium carbonate (m 100 c.c. water) 

3*5 „ sodium nitrite (in 20 c.c. water) 

6 cone, hydrochloric acid (in 10 c.c. water) 

6 „ dimethylaniline (in 6 c.o. cone. HCl and 20 c.c. 

water). 

The sulphanilic acid is dissolved in the sodium carbonate (4 mol.) 
spiution and the sodium nitrite (i mol.) solution added. The 
mixture is cooled in ice, and the solution of hydrochloric acid 
(t mol.) gradually added. The solution of dimethylaniline (i mol.) 
h now poured in, and the liquid made alkaline with caustic soda. 
fht separation of methyl orange at once begins, and is assisted 
fey the addition of a littk common salt (20 grains). Tho pre* 
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cipitate is filtered at the pump, and crystallised from hot water. 
Yield, nearly theoretical. 

SOjNa.C^H^NHg -f NaNO* -f 2HCI N 4- 

1 

2NaCl -f 2H2O. 

0 ,S.C«H,.N, + CeH5N(CH3),HCl 

L I SO,H.C3H4.N2.CeH4N(CH8)3 + HCl. 


S03H.C,H*N:N,CeH,N(CH3)3 + NaOH =- 

S 03 Na.C«H 4 N:N.C 3 H 4 N(CH 3)3 + H.O. 


Properties , — Methyl orange is the sodium salt of the sulphonic 
acid, and dissolves in water with a yellow colour. The free acid 
is red, and its action as an indicator depends upon this change 
on the addition of mineral acid. 

Reaction . — Methyl orange is decomposed, like the majority of 
azo-compounds, by stannous chloride in hydrochloric acid into 
two molecules, produced by the addition of hydrogen to the double- 
linked nitrogen atoms (see p. 203). 


HS03.C3H,N:KC«H4N(CH3), 2SnCl + 4HCI =- 

HSO3.C 4 - H3NC3H4N(CH3)3 + 2SnCl3. 


Make a solution of 4 grams stannous chloride in 10 c.c. cone, 
hydrochloric acid, add i gram of methyl orange dissolved in a 
few drops of hot water, and boil for a few minutes until the red 
colour disappears. On cooling a crystalline precipitate consisting 
of sulphanilic acid and dimethyl />-phenylenediamine is deposited. 
In order to separate the base, dilute with water, add caustic soda 
solution until the precipitate of stannous hydrate redissolves, 
shake out the cold solution with ether, and dehydrate over potass- 
ium carbonate. On distilling off the ether, the dimethyl />-phenyl- 
enediamine remains as a crystalline solid ; m. p. 41°. On warming 
with dilute sulphuric acid and lead peroxide the odour of quinone 
is readily perceived (see p. 226^. It also gives the “ methylene 
blue reaction, like nitrosodimethylaniline (see p. 178). See 
Appendix^ p. 424. 
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Pjreparation 89. 

N:N.C«H4S0sNa 

Naphthol Orange, | | | 

\/\/ 

(Sodium salt of sulphanilic-azo*|i-naphthol.) 
Dingl. polyt, Journ,, 264, 240. 


3*5 grams sulphanilic acid 

4 cx. cone, hydrochloric acid (in 50 c.c. of water) 
25 grams ice 

1*5 ,, sodium nitrite in powder. 


Mix together the sulphanilic acid, the hydrochloric acid and the 
ice, and when tlie temperature reaches 0° add the sodium nitrite 
gradually. In the meantime prepare a solution containing 

3 grams p-naphthol dissolved in 

1*2 „ caustic soda (in 20 cx. of water). 

Cool the latter to o® and whilst stirring add the diazo-solution. 
The mixture whilst cooled in ice is stirred for a further two hours. 
The dark red, crystalline precipitate is filtered, pressed on a porous 
plate and dried. The yield is 6 to 7 grams. 


HO,S<^^NH, + NaNO, + HCl = 0,S<^ N + NaCl + 2H,0 


n-n/" ’^SO, -f NaOH 

\/\/ I I 


N.N.C,H,SO,Na 

+H.O. 

\x\/ 


oe-Amino*^-naplitbol. — Five grams of naphthol orange are 
dissolved in 15 c.cf of water and heated nearly to boiling on the 
water-bath. About 7 grams of sodium hydrosulphite are added in 
amall portions until after boiling for a time the solution becomes 
almost colourless. On cooling, the aminonaphthol is filtered. 
Washed with a little water and dried. It darkens at 170® and 
melts at about 185° with decomposition. The yield is 3*5 grams. 
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It may be recrystallised as the hydrochloride by dissolving in 
hydrochloric acid and adding sodium acetate. 

N:N.CeH4S03Na NH^ 

+ iNa,S,0, + 2H,0 = 

\/\/ \/\/ 

a-Amino-^-naphthol. 

+ H 2 N.CeH 4 S 03 Na + 2Na3S,0». ' 

(Ber., 1906, 39 , 3561.) 

« 

Preparation 90. 

Sodium Benzenesulphonate, Cgllg.SOgNa. 

Mitscherlich, Pogg. Ann., 1834, 31 , 283 and 364; Michael, Adair, 
her., 1S77, 10 , 5 ^ 5 * 

60 c.c. benzene 

60 j, cone, sulphuric acid. 

The benzene and sulphuric acid are heated together on a sand- 
bath in a round flask litre) with upright condenser. The mixture 
is kept at a gentle boil with frequent shaking (an apparatus like 
that shown in P'ig. 76^ p. 162, with mechanical stirrer is preferable) 
until the top layer of benzene has been nearly absorbed by the 
sulphuric acid (six to eight hours). On cooling, the dark-coloured 
liquid is poured into cold water (i litre) contained in a large basin, 
boiled up and neutralised with powdered chalk or thick milk of 
lime. The mass is Altered hot through a porcelain funnel or cloth 
from the precipitate of calcium sulphate, washed with hot water 
and somewhat concentrated. The solution, which contains the 
calcium salt of benzene sulphonic acid, is treated with just sufficient 
sodium carbonate solution to precipitate the calcium as carbonate 
and convert the sulphonic acid into the sodium salt. This is 
ascertained by filtering small samples and testing the filtrate with 
sodium carbonate. The liquid is again filtered through cloth or 
through a porcelain funnel and concentrated first over a ring 
burner, and finally on the water-bath, until a sample crystallises 
on cooling. The sodium salt is drained at the pump and dried 
on porous plate. Yield, about 80 grams. 

Celie H3SO, = CeH.SO^H + H,0. 

zCeHgSOsH -f- CaCOj = {C^n^SO^)JZsi + COj + H, 0 . 

(CeHjSOJjCa 4- Na,CO, = zCeHjSOjNa + CaCO,. 
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Colourless foliated crystals, which melt above 300® 
with slight decomposition; very soluble in water. See Appendix^ 
p. 426. 


Preparation 91. 


Benzenesulphonle Chloride, C^ITaSOjjCl. 

Gerhardt, Chiozza, Annalen, 1853. 299; Orgamc Syntheses, 

Vol. I., p. 21. 

Method I. 

18 grams sodium benzene sulphonate 
25 „ phosphorus pentachloride. 

The sodium benzenesulphonate is carefully dried on the water- 
bath, powdered, and mixed with the phosphorus pentachloride in 
a flask.* A vigorous reaction sets in. When it has abated, the 
flask is heated on the water-bath for one hour,* and the mass 
occasionally stirred with a glass rod. The product is poured into 
a flask containing 200 grams of crushed ice and allowed to stand 
an hour. The sulphonic chloride, which separates as an oil, is then 
extracted with ether, dehydrated over calcium chloride, decanted, 
and the ether removed on the water-bath. Yield, 10 grams of a 
light brown oil. 

C\HjSO,Na -f PClfi = CaH^SOaCl + POCI, + NaCl. 

Benzene sulphonic chloride. 


Method II. 

20 grams benzene 

100 ,, chlorosulphonic acid (commercial). 

The acid is poured into a distilling flask (250 c.c.), into the neck 
of which is fitted a tap-funnel, and thermometer, arid the side- 
tube is furnished with a calcium chloride tube. The flask is 
immersed in cold vfater and the benzene dropped in with occasional 
shaking at such a rate that the temperature is maintained at 
15—20®. After an hour the contents are poured on to crushed 
ice. The benzene sulphonic chloride forms a heavy, oily layer at 
tht bottom of the vessel. It is extracted with ether, dehydrated 
over calcium chloride and the ether distilled. The residue is then 
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distilled in vacuo and boils at 130 — 135® at 18 mm. Yield, 28—30 
grams. 

Properties. — Colourless oil when pure ; b.p, 246 — 247® with 
decomposition; m.p. 14°; distils undecomposed in vacuo. 

Reactions. — i. Grind up in a mortar i c.c. of sulphonic chloride 
with 5 grams powdered ammonium carbonate, and leave on 
the water-bath until the smell of the sulphonic chloride has 
gone. Add water, filter, and wash, and crystallise the residue of 
benzene sulphonamide from spirit, CgIl5S02Cl + 2NH4HCO3 = 
C^IIgSOgNHg + 2II2O + 2CO2 + NH4CI. Warm very gently a 
small quantity of the sulphonamide with a little sodium hypo- 
chlorite solution until dissolved. On cooling foliated crystals of 
the sodium benzene chloramide separate. 

NaCIO = CcH^SO^NClNa 4 - H, 0 . 

The substance crystallises from water. It is decomposed on 
boiling with acid or alkali. 

2. Add I c.c. of the sulphonic chloride to 2 c.c. aniline, stir 
up well, add water, and acidify with a few drops of concentrated 
H(’l (methyl violet paper). Filter, wash, and crystallise the 
benzenesulphonanilide from spirit, CgllgSOoCl -f- NIIpCgHg = 
(VWNllCells+IICI. 

3. Add 2 c.c. absolute alcohol to r ( .c. sulphonic chloride and 
excess of caustic soda until alkaline ; warm gently lor five minutes 
and add more caustic soda ii necessar\ . tool, and extract with 
ether. The residual liquid consists of benzene ethyl sulphonate, 
QH^SO^Ll + HOC2H5 C + HCl. 

4. Repeat 3, using phenol in place of alcohol. See Appendix, 
p. 427. 


PREP\RATI 0 N 02. 

Phenol (('arbolic acid, Hydroxybenzene), C 

Kekult^, Wurtz, Dusart, ZeUschr. f. Ch. N 1\, 1S67, 3, 299 — 301; 
Hegener, J. prakt, Chim., 1878, (2), 17 , 394. 

20 grams sodium benzcnesulphonate 
35 ,, caustic soda. 

The c.austic potash is dissolved in the smallest quantity of water 
(S c.c.) by heating in a silver or nickel basin or crucible, and the 
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powdered sodium benzenesulphonate added. The temperature of 
the melt^ which during the process is kept constantly stirred, must 
not exceed 250®. It is convenient to use the thermometer as 
stirrer, the bulb and part of the stem being encased in a glass tube 
closed at one end. When the requisite temperature has been 
reached, a small flame is sufficient to maintain it. The mass is 
first thick and pasty, but soon becomes semi-fluid and remains 
in this condition, gradually changing in colour from, yellow to 
brown. Towards the end of the operation (one hour) it regains 
somewhat its original consistency. On cooling, the melt is dis- 
solved in a little water and the alkaline reddish-brown liquid 
(sodium phenate and excess of alkali) acidified with concentrated 
hydrochloric acid in the cold. Phenol separates out as a light 
yellow oil, which is extracted three times with ether. The ethereal 
solution dehydrated over anhydrous sodium sulphate is distilled, 
first on the water-bath until the ether is removed, and then over 
the flame. The portion boiling at 175 — 185° is nearly pure phenol. 
It distils as a colourle.ss liquid and solidifies at once on cooling. 
Yield, 6 — 7 grams. 

CeHjSOaNa + NaOH = CeHgONa -f- NaHSOa. 

CaHaONa f HCl = C^U^OH -f NaCl. 

Phenol. 

Properties , — ('olourless needles,^ with a characteristic smell j 
m.p. 42 — 43°; b.p, 182°; easily soluble in alcohol and ether, and 
in about 15 parts of water at the ordinary temperature; produces 
blisters on the skin. 

Reactions, — i. Make a solution of phenol in water, and to one 
portion add a drop of ferric chloride. A violet coloration is 
produced. 

2. Add to another portion a drop of bromine water. A white 
crystalline precipitate of tribromophenol is formed. 

3. To a third portion add an equal volume of dilute ammonia 
and a few dropS of sodium hypochlorite and warm gently. A 
copper-sulphate-blue colour is produced. 

4. Add a small fragment of solid sodium nitrite to 5 c.c. con- 
centrated sulphuric acid and warm very gently until dissolved. 
On adding about 0*5 gram of phenol, a brown solution is obtained, 
which rapidly changes to deep blue. If the blue solution is poured 
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into water, a cherry red coloration is produced, which changes to 
blue on the addition of an alkali (Liebermann's “ nitroso ’’ reaction, 
see p. J79). 

5. Mix I gram of phenol with i c.c. of dimethyl sulphate ^ and 
add 4 c.c. of a 10 per cent, solution of caustic soda. Warm and 
shake. The odour of phenol is replaced by that of anisole, which 
can be extracted from the liquid by ether (UUmann’s reaction). 

C^jHgONa -I (CHalaSO^ - -f CHjNaSO* 

6. Mix 0*5 gram of phenol with o‘6 gram of phenyl isocyanate 
and heat for a few minutes on the water-bath. The mixture 
forms, on cooling, a crystalline mass of phenyl urethane of phenol. 
Recrystallised from alcohol, it forms (olourless needles; m.p. 125^. 

CeHgOH -+ CeHjNiCO = C.HjNH.COOCgHj. 

See Appendix, p. 428. 


Preparation 93. 

Anisole (Methyl phenate, Phenyl methyl ether), Cgllg.O.CHg. 

Method 1 . 

Cahours, Annalen, 1S51, 78, 226. 

5 grams sodium 
100 c.c. methyl alcohol 
20 grams phenol 
40 ,, methyl iodide. 

The methyl alcohol is poured into a round flask (250 c.c.) con- 
nected with an upright condenser. The sodium, cut into small 
pieces, is then added, the flask being detached from the condenser 
for a moment and replaced. When the sodium has dissolved, the 
phenol and methyl iodide are added. The mixture is heated on 
the water-bath until the solution has no longer an alkaline reaction 
(two to three hours). As much as possible of the methyl alcohol 

The vapour of dimethyl sulphate is very poisonous, and rare should 
be taken not to breathe it nor to let it come ui contact with the skin. 
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is distilled from the water-bath and water added to the amber- 
coloured residue. A colourless oil separates, which is extracted 
with ether. The ethereal solution is dehydrated over calcium 
chloride and distilled, first on the water-bath until the ether has 
been driven off, and then over the flame. Almost the whole of 
the residue distils at 150 — 155°. Yield, nearly theoretical. 

C.H^jOH -f CH,ONa ^ CeH^ONa + CH,OH. 

C,HtONa + CH,I = CeH^OCH, -f Nal. 

Amsole, 


Method II. 

Ullmann, Annalen, 1903, 327 , 114: 1905, 340 , 208. 

18*8 grams phenol 

10 ,, caustic soda (in 70 c.c. water) 

24 c.c. dimethyl sulphate. 

Dissolve the phenol in the caustic soda solution in a round 
flask (250 c.c.) and add the dimethyl sulphate about 5 c.c. at a 
time and shake vigorously. 1'here is a rise ot temperature as 
the reaction proceeds, and when it falls, at the end ol a few minutes, 
a fresh addition of dimethyl sulphate is made as before, the tem- 
perature not being allowed to exceed about 60®. When the mixture 
begins to cool, it is heated on the water-bath for ten minutes and 
the upper oily layer of anisolc separated. It is washed by shaking 
with a little w^ater, dried o^'er calcium chloride and distilled. Yield, 
17 grams; b.p. 150—152°. 

C,H,ONa + {CH,),SO, = C.H.OCHj 4 CH,NaSO,. 

Ajttisolt*. 

A further quantity of anisole may be obtained by adding the 
same quantity of phenol as before and lo grams of caustic soda 
to the aqueous portion from the previous operation containing 
the methyl sodium sulphate, and boiling with reflux for five hours, 
when sodium sulphate is formed according to the equation 

CjHgONa + CH,NaS 04 == C^HjOCH^ -f Ka^SQ^. 

Properties , — (olourless liquid, possessing an agreeable smell; 
b.p. 154^; sp. gr. 0-991 at if, Appendix^ p. 429. 
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Preparation 94. 

Hexahydrophenol (Cyclohexanol), CJlu.OH. 

Sabatier and Sendercns, Compt, rend , 1901, 132 . 210. 

50 grams phenol. 

The phenol is reduced with hydrogen in presence of finely divided 
metallic nickel, which acts as a catalyst. The apparatus is 
shown in Fig. 78. 

It consists of an oblong Lothar-Mcyer air-bath about 60 cms. 
(24 ins.) long and 15 cms. (6 ins.) wide. It is heated on each side 
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Fig. 78. 


by a series of small gas jets made by perforating an iron pipe 
which runs below the air-bath. The hot air passes up the space 
between the outside metal casing and an inner rectangular metal 
box, and then down and into the interior of the air-bath through 
a number of round holes at the bottom of a central rectangular 
chamber, and finally escapes through a series of holes in the top of 
COHEN'S P. o. c. p 
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the outer cover. The air-bath is perforated at both ends so as 
to admit a piece of wide glass tubing. This tubing (1*5 — 2 cms. 
diam.) is of such a length that it projects about 2 — 3 cms. at one 
end and 5 — 6 cms. at the other, the latter being bent and con- 
nected to a receiver. The shorter end is attached by a cork to a 
small distilling flask through which a current of dry hydrogen is 
passed from a Kipp by a delivery tube, which reaches to the bottom 
of the flask. 

Small pieces of pumice impregnated with a paste of nickel oxide 
(NiO) and water are dried on the water-bath and packed into the 
wide tube, which is then loosely plugged at each end with asbestos. 
The phenol is melted and poured into the distilling flask. The 
air-bath is slightly tilted so that any liquid which may collect in 
the tube can run down into the receiver. The process is con- 
ducted as follow^s : the delivery tube from the Kipp is first raised 
above the surface of the phenol and as low current of pure,^ dry 
hydrogen passed through the apparatus, the temperature of which 
is maintained at 300® for twenty minutes. The nickel oxide is 
thereby reduced and changes from black to pale yellow. After 
reduction, the temperature is low'ered to 160 — 170® and kept at 
this point. The phenol in the flask is now melted and heated 
just below its boiling-point, whilst a fairly rapid current of hydrogen 
is passed through the delivery tube, which is thrust well into the 
liquid. The hexahydrophenol slowly distils and condenses in the 
receiver. Care must be taken that the phenol does not condense 
in the tube, but that only the va{X)ur passes over. When sufficient 
liquid has collected, it is shaken with caustic solution, extracted 
with ether, dehydrated over potassium carbonate and distilled, 

C,H,OH -f 6H 

Properties , — Colourless liquid; b.p. 170°; pleasant aromatic 
smell distinct fjom phenol; insoluble in water and solutions of 
caustic alkalis. See Appendix^ p. 429. 


* The hydrogen should be washed through solutions of alkaline 
pertn^anate, lead acetate and cone, sulphuric acid. 
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Preparation 95. 

0- and p-^Nitrophenol, t'6ll4<Sn " " 

IN U2 2 4 

Hofmann, Antialen, 1857, 103, 3471 Fritsche, Annalen, 1859, 110, 
150; Kekul 4 , Lehrhuch d. org. chem., 3, 40. 

40 grams phenol 

70 „ (50 c.c,) cone, nitric acid (in 170 c.c. water). 

The phenol, melted in a basin on the water-bath, is slowly added 
in small quantities to the nitric acid and water contained in a lat^e 
round flask (i litre), and the contents of the flask are well shaken 
or stirred mechanically. The temperature should be maintained 
below 30° by cooling with water. On the addition of the phenol, 
the liquid immediately changes to a deep brown or black colour, 
and a heavy dark-brown oil separates out. When the phenol has 
been added, the mixture is allowed to stand for 12 hours. The 
oil has by that time collected at the bottom of the vessel, and 
may be freed from acid by repeatedly decanting and pouring in 
fresh water (three or four times). The contents of the flask consist 
of nearly equal quantities of para- and ortho-nitrophenol mixed 
with resinous products. In order to separate the two isomers, the 
product is distilled in a current of steam (see Ing. 68, p. 131) until 
the distillate is almost colourless. The ortho-compound distils 
in the form of a yellow oil, which may solidify in the condenser, 
in which event the water is temporarily run out of the condenser. 
The solid in the receiver is separated by filtration and dissolved 
in spirit at 40*^, to which water is then added, drop by drop, until 
a turbidity is produced. Yield, 15 grams. The solid residue 
contains the para-compound mixed with black, resinous sub- 
stances, from which it is separated by repeatedly extracting with 
boiling water. The united portions of the aqueous extract are 
boiled with animal charcoal for \ hour in a large basin, and filtered 
through a fluted filter moistened with water. The filtrate is made 
alkaline with caustic soda solution, and concentrated to a small 
bulk (100 c.c.). If tarry matter separates, it must be filtered 
through a wet filter. To obtain the free para-compound, the 
concentrated aqueous solution of the sodium salt is cooled, and 
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the separated sodium salt filtered. The crystals are dissolved 
and acidified with concentrated hydrochloric acid^ and the nitro- 
phenol, which separates, is filtered and recrystallised from hot 
water. Yield, lo grams. 

C«H«OH + HONO, ^ (OH)CeH4NO, + H,0. . 

Properties. — o-Nitrophenoly sulphur-yellow needles, possessing a 
peculiar smell; m.p. 45®; b.p. 214°; distillable with steam; 
soluble in alcohol, ether, and hot water ; less soluble in cold water. 

Tj^Nitrophenoly colourless needles; m.p. 114°; easily soluble 
in alcohol and hot water; slightly soluble in cold water. See 
Appendix, p. 430. 


Preparation 96. 
Phenacetin (Acetylphenetidine), 


ocyi. 


\/ 

Nn.COCH3. 


/7«Nitro«etlioxybeRzene» 

20 grams />-nitrophenol 
125 c.c. absolute alcohol 
3*3 grams sodium 
16 ,, ethyl bromide. 


Into a J-litre round flask furnished with reflux condenser, the 
alcohol is placed and the sodium, cut into small pieces, introduced. 
When the latter is dissolved, the nitrophenol is added and then 
the ethyl bromide, and the mixture heated on the water-bath for 
twelve hours, it is desirable to attach a bent tube to the top 
of the condenser, the lower end of which is closed by an inch or 
two of mercury contained in a narrow glass cylinder, which, by 
introducing a slight pressure in the flask, prevents a certain amount 
of evaporation. Nevertheless some loss occurs, and an additional 
5, grams of ethyl bromide are added half-way through the experi- 
to replace the loss. After boiling for the requisite time, the 
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excess of alcohol and ethyl bromide is removed by distilling from 
the water-bath. To the residue an excess of dilute caustic soda 
is added to dissolve unchanged, nitrophenol and the ethoxy- 
compound extracted two or three times with ether until no further 
substance is removed. The ether solution is shaken with a little 
caustic soda solution, separated, dehydrated over calcium chloride, 
and the ether distilled. The crude product is crystallised from a 
mixture of equal parts of water and spirit. Yield, 18 grams; 
m.p. 58 — 60®. 

/}-Amino-ethoxybenzene (Phenetidine), 

13 grams />-nitroethoxybenzene 

16 „ tin 

80 c.c. cone, hydrochloric acid. 

The nitroethoxybenzene, tin, and hydrochloric acid are heated 
together in a round flask (| litre) on the water-bath until the 
reaction sets in, when, if too vigorous, the flask should be removed. 
When the first reaction is over the flask i> replaced on the water- 
bath and heated until all the tin is dissolved. When the reduction 
is complete a sample should dissolve completely in water. On 
cooling, the contents of the vessel solidify to a crystalline mass, 
which is filtered, l^y concentrating the filtrate a further quantity 
of crystals is obtained. To the products irom both crystallisations, 
whilst still moist, caustic soda solution (30 — 35 grams of XaOH) 
is added until most of the stannic oxide passes into solution. The 
alkaline liquid is then extracted two or three times wdth ether 
until a specimen of the ether extract lea\es no residue on evapor- 
ation. The ether solution is dehydrated with potassium carbonate, 
and the ether then removed by distillation. The residual dark- 
coloured oil is distilled in vacuo. It boils at 160—165° at 12 mm. 
Yield, 8 grams. 

+ ilSn + 6Ha = + llSnCl. + 2H,0. 
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p-Aeetylaminoethoxybenzene (Phenacetin). 

8 grams aminoethoxybenzene 
8 acetic anhydride. 

The amino-compound is mixed with 30 c.c. of water and the 
acetic anhydride then added and the mixture shaken vigorously. 
The acetyl compound crystallises at once. It is filtered and 
recrystallised from a mixture of equal parts of water and spirit. 
Yields 8 grams; m.p. 135®. 

+CH.;CO>o ^ + CH..COOH. 

Preparation 97. 

/NOj 2 

Picric Acid (Trinitrophenol), CgIl2(0n)^N02 4 

6 

25 grams phenol 

125 „ (68 c.c.) cone, sulphuric acid 

100 ,, (70 c.c.) cone, nitric acid^ sp. gr. 1*4. 

The phenol and concentrated sulphuric acid are heated together 
in a porcelain basin for half an hour on the water-bath, until a 
clear solution of phenol sulphonic acid is obtained. It is diluted 

with 100 c.c. of water, well cooled, poured into a flask (i litre), 

and then 50 c.c, nitric acid are slowly added, in small quantities at a 
time, from a tap-funnel, and well shaken.* The liquid assumes 
a deep red colour, a considerable rise of temperature occurs, and 
red fumes are evolved. When the nitric acid has been added, 
the flask is placed on the water-bath and heated, with the addition 
of the remaining 20 c.c. of nitric acid, for one to two hours.* On 
cooling, picric acid separates out as a yellow, crystalline mass. It 
is diluted with water, filtered at the pump, and washed free from 
the mother-liquor with cc^ld water. It is then purified by re- 
crystallisation from a large quantity of hot water acidified with a 
few drops of sulphuric acid. Yield, about 30 grams. 

C,H,(OH) 4 - HjjSO* == CeH*(0H).S03H + H,0. 

Phenol sulphonic acid. 

C^.{OH)SO,H + 3 HONO, = C,H,(OH)(NO,), + 3 H ,0 + H,SO.. 

Picric acid 
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Properties. — ^Yellow, prismatic crystals; ni.p, 122*5"^; sublimes 
on gently heating; explodes on detonation; easily soluble in 
alcohol and ether; with difficulty in cold, more readily in hot 
water; the solution has a bitter taste. 

Reactions. — i. To an aqueous solution of picric acid add a little 
potassium cyanide solution, and warm, A brown crystalline 
precipitate of isopurpuric acid separates. 

2. Add picric acid and a few drops of caustic soda to a dilute 
solution of grape sugar and warm. The liquid turns deep brown. 

3. Dissolve naphthalene in a little spirit, and add an equal 
quantity of a solution of picric acid in spirit. On cooling, yellow 
needles of naphthalene picrate separate, Cj0Hg.CeH2OII(NO2)3. 
Benzene forms colourless crystals, anthracene, scarlet needles, 
having a similar composition. See Appendix, p. 430. 



28 grams chlorobenzene (see p. 154) 

1 12 ,, (61 c.c.) cone, sulphuric acid 

55 ,, (40 c.c.) cone, nitric acid (sp. gr. 1*42). 


The chlorobenzene is mixed with half the above quantity of 
sulphuric acid in a round flask, ivarmed on a water-bath and stirred 
mechanically. The nitric acid mixed with the other half of the 
sulphuric acid is added slowly and at such a rate that the tem- 
perature is kept below loo'^. When all the acid has been added 
the mixture is stirred for an hour on the water-bath, heated to 
boiling and then heated for another hour at 120° in an oil- or on 
a sand-bath. The liquid is poured on to crushed ice and water 
and stirred. The solid nitro-compound is filtered, washed well 
with cold water and pressed down. It is dried on a porous plate. 
The yield is 38 grams; m.p. 50 — 52°. It may be purified by 
crystallisation from spirit and then melts at 52—53®. 

C^HjCl 4- 2HNO8 = CeHjClfNOa). H 2 HJO. 
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-Colourless, rhombic crystals, m*p. 53^; converted 
by caustic soda into dinitrophenol and by ammonia into dinitr- 
aniline. In contact with the skin it may produce eczema and 
should not be handled. See Appendix, p. 430. 

Preparation 99. 

OH 

2 : 4-DinitropheDOl, 


Engelhardt, Latschinow, Zeitsch. f. Chem., 1870, 232. 

25 grams crude dinitrochlorobenzene 
13 „ caustic soda (in 500 c.c. of water). 

The mixture of dinitrochlorobenzene and caustic soda solution 
is boiled in a round flask, until the liquid is clear (i J hours). It is 
Altered hot and acidifled with hydrochloric acid. When cold the 
precipitate of dinitrophenol is Altered, washed with water and 
dried on a porous plate. Yield, about 21 grams. It is sufAciently 
pure for the next preparation, but may be recrystalliscd from hot 
water or spirit and forms yellow plates; m.p. 113 — 114''. 

C^HjChNOj)* -f NaOH = C,Ha{0Na)(N08)2 4- NaCl. 

C,H3{0Na)(N02)3 4 HCl CeH80H(N02)2 4- NaCl. 

Properties . — Pale yellow, rectangular plates; m.p. 114'^. In 
small quantities it may be sublimed iindecomposed ; very soluble 
in ether, less soluble in hot alcohol, soluble in hot w^ater (21 parts). 



Preparation ioo. 


OH 


2:4: 6-Trinftroplieiioi (Picric acid), 


NO, 


Korner, Zeitsch, f. Chem,, 1868, 322. 


20 grams dinitrophenol 

40 c.c. cone, sulphuric acid 

8’5 grams (5-6 c.c.) fuming nitric acid, sp. gr. 1*5. 
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The dinitrophenol and acid are mixed together in a beaker and 
5*6 c.c. fuming nitric acid added with stirring. The reaction pro- 
ceeds rapidly with evolution of heat. When cold the mixture is 
poured into a J litre of cold water and the yellow crystals of picric 
acid filtered, washed with water, and dried on a porous plate. 
Yield, about 30 grams; m.p. 121—122°. It may be recrystallised 
from hot water. 

C,H80H(N0,)2 + HNO3 3= C3H3{N03)80H -f H3O. 

For properties and reactions, see p. 215. 


Preparation 10 i. 

Phenolphthalein, C'^ 

^eH^CO.O 

Haeycr, Bet., 1876, 9 , 1230, and Annalen 1880, 202 , 68. 

10 grams phthalic anhydride 

20 „ phenol 

8 „ cone, sulphuric acid. 

The phthalic anhydride, phenol, and concentrated sulphuric 
acid are heated together to 115 — 120° in the oil-bath eight to nine 
hours. The mass becomes semi-fluid and of a dark red colour. 
It is poured, whilst hot, into a basin of water (500 c.c.) and boiled 
until the smell of phenol has disappeared, the water being renewed 
as it evaporates. The undissolved yellow granular precipitate, on 
cooling, is separated from the liquid by filtration, and washed with 
water. It is then dissolved in dilute caustic soda solution, filtered 
from the undissolved residue, and the filtrate acidified with acetic 
acid and a few drops of hydrochloric acid. The phthalein separates 
out, after standing for some hours, as a light yellow\ sandy powder, 
which is filtered and dried. It is purified by dissolving in absolute 
alcohol with the addition of animal charcoal (i part phenoiphthalein, 
6 parts alcohol, and J part charcoal) and boiling the solution on the 
water-bath for an hour. The mass is filtered hot, washed with 
2 parts of boiling alcohol, and the filtrate evaporated down to two- 
thirds its bulk on the water-bath. On adding 8 times the quantity 
of cold water to the cooled solution, the latter becomes turbid. 
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The liquid is well stirred, and, after standing a few seconds, filtered 
through cloth from the resinous oil which separates. On heating 
the filtrate on the water-bath to expel excess of alcohol, phenol- 
phthalein crystallises out in the form of a white powder. Yield, 
5 grams. 

XO. /C(CeH,OH), 

2C*H,(0H) + >0 + H,0. 

Properties, — White, granular, crystalline powder; m.p. 250 — 
253° ; very slightly soluble in water, readily soluble in hot alcohol ; 
soluble in alkalis with a crimson colour. See Appendix^ p. 431. 


Preparation 102. 


Fluorescein and Eosin, 


X.HaOH 
/ >0 
^rCeHgOII 


l\ 


CeH/X.O 


XellBr^OIl 

rX >0 
'fv CellBrgOH 
^CeH^CO.O 

; 


Baeyer, Amtalen, 1876 , 188, 3 . 

10 grams phthalic anhydride 
15 „ resorcinol 

7 „ zinc chloride (fused and ])owdered). 


The phthalic anhydride and resorcinol are ground together and 
heated in a deep tin dish or cylinder to 180®. To the fused mass 
the zinc chloride is added with continual stirring in the course of 
ten minutes. The temperature is now raised to 210° and the 
heating continued until the mass is quite hard (about two hours). 
On cooling, the melt is chipped out, pulverised, and boiled for ten 
minutes with 150 c.c. water and 10 c.c. cone, hydrochloric acid. 
The fluorescein is^ filtered off, washed, and boiled with a small 
quantity of absolute alcohol to dissolve impurities. The residue 
is then dried on the water-bath. Yield, 20 grams. 

Eosin, — Fifteen grams of the fluorescein are mixed in a flask 
with 80 c.c. spirit, and 11 c.c. bromine are dropped in from a burette 
in the course of quarter of an hour. Heat is developed, and the 
fluorescein gradually dissolves until, when half the bromine has been 
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added, a clear solution is obtained* Further addition of bromine 
precipitates the tetrabromo-compound (eosin). After standing 
two hours the precipitate is filtered, washed with spirit, and dried 
at no® to expel alcohol of crystallisation. Yield, 30 grams. 

In order to obtain the sodium compound, 6 grams of the product 
are ground in a mortar with i gram of sodium carbonate, placed 
in a beaker, and moistened with alcohol. Five c.c. of water are 
added and the mixture boiled until the evolution of carbon dioxide 
ceases. To the sodium salt 25 c.c. spirit are added and the mixture 
boiled and filtered. On standing for a day or two, the sodium salt 
crystallises in brown needles. 



/OH 

.c/ >0 

/ 1 \r H X 

I,;/ b • "\0H-f8Br 


c.h/ 6 


.OH 

C.HBr/ 

/X 

/iVeHBr/ 

O \OH 


Sec Appendix, p. 431. 


Preparation 103, 

Salieylaldehyde (<?-Hydroxybenzaldehyde) 

p-Hydroxybenzaldehyde, 

OH 1 I 

'"6^4<co.n 2 4 

Reimer, Tiemann, Ber., iS/b, 824. 

50 grams phenol 

100 „ caustic soda 

160 „ water 

75 ,, chloroform. 

The phenol, caustic soda and water are mixed together in a 
round flask (i litre) attached to an upright condenser and heated 
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to 50 — 60^^. The chloroform is then added gradually through the 
top of the condenser and, after each addition, the flask is wdl 
shaken. A gentle reaction sets in, and the temperature rises. At 
the same time the surface of the brownish-yellow solution takes a 
violet tint, which rapidly fades, the liquid finally assuming a deep 
red colour. When all the chloroform has been added, the contents 
of the flask are boiled for half an hour. A yellow semi-solid mass 
separates from the solution. The unattacked chloroform is now 
distilled off on the water-bath, the liquid diluted with water and 
strongly acidified with dilute hydrochloric or sulphuric acid. A 
thick red oil separates on the surface and is subjected to dis- 
tillation in steam. An oil, having a faintly yellow colour, distils 
with the water, and settles to the bottom of the receiver. When 
drops of oil cease to condense, the distillation is stopped. The 
distillate, which contains salicylaldehyde and phenol, is extracted 
with ether, and the ethereal solution well shaken with a saturated 
solution of sodium bisulphite (see Reaction 2, p. 73). The 
bisulphite compound of salicyaldehyde separates in colourless 
needles, which are filtered, washed free from traces of phenol with 
alcohol and then decomposed by heating with dilute sulphuric 
acid. The aldehyde which separates is taken up with ether, 
dehydrated over calcium chloride, the ether dri\'en off and the 
aldehyde distilled. Yield, 10 grams. In the distilling flask, from 
which the salicylaldehyde has in the first instance been removed 
with steam, there remains a browmish liquid and a dark red sub- 
stance, which sinks to the bottom of the vessel, and forms a brittle 
resin on cooling. 'J'he aqueous portion is filtered hot through a 
moistened filter, which retains the resin, and the filtrate, containing 
/^-hydroxybenzaldehyde, is extracted when cold with ether. On 
distilling off the solvent, the aldehyde remains in the form of a 
yellow mass of stellar-shaped needles, which may be purified by 
crystallisation from hot water. Yield, about 2 grams. 

C,H,OKa + sNaOH + CHCl, = + sNaCl + 2H,(X 

Properties, — SdlicylaUehyde, Colourless fragrant oil, b.p, 196*5® ; 
sp. gr. 1*173 7 solidifies at 20®, forming large crystals. 

Volatile in steam; soluble in water; miscible in all proportions 
with alcohol and ether. 
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Reaction.^Kdd a drop of ferric chloride to the aqueous solution 
of the aldehyde. A deep violet coloration is produced. 

iprHydroxybenzcddehyde . — Colourless needles, m.p. 115 — ii6°; 
scarcely soluble in cold water, readily in hot water, alcohol and 
ether. Non-volatile in steam. The bisulphite of sodium compound 
dissolves readily in water. 

Reaction . — ^The same as above ; but the coloration is less intense. 
See Appendix^ p. 432. 


Preparation 104. 

Coumarin, | 

\/-Cn:ClI 

Perkin, Trans. Chem. Soc., t868, 21 , 53; Yanagisawa and Kondo, 
Abs. 1921, i, 682. 

30 grams salicylaldehyde 

40 ,, acetic anhydride 

50 ,, sodium acetate (anhydrous) 

0*75 gram iodine. 

The mixture of the above is heated in a metal or paraffin bath 
for two hours at 120® and then for a further four to five hours at 
180 — 190°. The product is poured into water and extracted with 
ether. The ether solution is shaken with saturated sodium bisul- 
phite solution to remove unchanged salicylaldehyde, the ether 
solution separated, dried over calcium chloride and the ether 
distilled. The residue is then either distilled under diminished 
pressure (at 20 mm. it distils at about 160°) or in steam. It may 
be recrystallised from ligroin. The yield is 18 grams if the first 
method of distillation is employed, and somewhat less by the 
second method. 

+ CH,.COONa + (CH,.C 0),0 = 

+ CHj.COONa -f CHjCOOH + H, 0 . 


See Appendix y p. 432. 
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Preparation 105. 

cis- and trans~ o-Methoxyoinnamic Methyl Ester, 

CH3O.C8H..C.H CH30.C,n4.C.H 

II II 

CHgOOC.C.H H.C.COOCH3 

I. c/s-Methoxycinnamic Ester. 

Reychler, Bull. Soc. chm , 1908, iv, 3 , 551. 

2*3 ;;rams sodium 
34 c.c. absolute alcohol 
7*3 o:rams coumarin 
15 methyl iodide. 

Dissolve the sodium in the alcohol contained in a 500 c.c. round 
ilask fitted with a reflux condenser. When cold, add the coumarin, 
which readily dissolves, and then the methyl iodide, shake and 
cork up and leave for two days. A little sodium iodide will have 
crystallised. Boil on the water-bath for two hours with reflux, 
pour the product into a basin and evaporate most of the alcohol 
on the w'ater-bath. Now add water to the residue, wdiich is 
extracted twice with ether, the ether separated and dehydrated 
with calcium chloride. On distilling the ether the ester remains 
as a yellow oil. The yield is about equal to the weight of coumarin 
taken. 


c T-T ,,^ONa 
^«^«^CH;CH.COONa 


C H OCH3 
^g«4<>.CH;CH.COC)CH„ 


In order to determine the character of the ester it is hydrolysed 
as follows : i gram of ester is added to 0*5 gram of caustic potash 
dissolved in an equ|l weight of water, to which 6 — 7 c.c. of absolute 
alcohol are added, and the mixture heated with reflux condenser 
until the whole dissolves in water to a clear solution. Add water, 
neutralise with hydrochloric acid and evaprjrate the alcohol on 
the walier-bath. On adding excess of hydrochloric acid the cis- 


meth^ycinnamic acid separates, and after crystallisation from 
^cohol melts at 185 — 186®. 
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11. /r5A75-Methoxycimiiainie Ester. 

Stoermer, Ber,, igii, 44, 643, 

5 grams coumarin 

2*8 „ caustic soda (in 6 c.c. of water) 

2 c.c. absolute alcohol 
10 grams dimethyl sulphate. 

Dissolve the coumarin in the mixture of absolute alcohol and 
caustic soda solution^ pour into a basin and evaporate as far as 
possible on the water-bath, and to the viscid residue when cold 
add the dimethyl sulphate. Leave in a desiccator for several 
days. The mass becomes gradually nearly solid, from the separation 
of sodium methyl sulphate. Add water to dissolve the solid and 
extract the yellow oil twice with small quantities of ether; 
dehydrate the liquid with calcium chloride and remove the ether 
by distillation on the water-bath. The oil which remains is the 
/m«5-cster. The yield is 6 grams. 


CeH,< 


ON a 

CHrCH.COONa 


4 - 2(CH3)2S()4 


CKHg 

CH:CH COOCHg 


2 CH 3 XaS 04 . 


The nature of the compound is ascertained by hydrolysis as in 
the previous case. On acidifying, an oil first separates which 
quickly solidifies. The /m«5-acid melts at 89®. 


Preparation io6. 

Salicylic Acid (r;-lIydroxybenzoic Acid), 

Kolbe, J. prakt. CJiem., 1874, (2), 10, 95- 

10 grams caustic soda 
23 „ phenol. 

This preparation should be commenced first thing in the morning. 
Dissolve the caustic soda in about 10 c.c. of w^ater in a small 
porcelain basin and add the phenol. Heat the basin on wire- 
gauze over a very small flame, and, whilst holding it firmly with a 
small clamp (tongs are too insecure), keep constantly stirring with 
a glass rod. After a short time the mass becomes stiff and balls 
together. The basin should now be removed from the gauze, and 
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the mass stirred and broken up as it cools. When still warm^ it is 
sufficiently hard to powder in a mortar. It is quickly powdered 
and transferred to a small retort (200 c,€.) heated in a metal or 
paraffin bath to 130 — 140®, and dried by passing over it a fairly 
rapid current of dry hydrogen from a Kipp. In about an hour all 
the moisture is removed, and the body of the retort appears dry. 
The light-coloured mass in the retort is allowed to cool whilst the 
hydrogen is passing through » then broken up and shaken into a 
mortar, when it is quickly powdered and replaced. The object 
of the above operation is to obtain perfectly dry, uncharred 
and well-powdered sodium phenate, upon which the success of 
the preparation entirely depends. A moderate stream of carbon 
dioxide, dried through concentrated sulphuric acid, is now passed 
over the surface of the sodium phenate by means of a bent tube 
fixed through the tubulus of the retort, and terminating just above 
the substance. The temperature of the oil-bath is gradually raised 
from 140® to 180 — 190®, whilst fresh surfaces are exposed by 
occasionally stirring with a glass rod inserted for a moment through 
the tubulus. At the end of four hours the temperature is raised to 
190 — 200® for another hour, and the process stopped. During the 
heating a considerable quantity of phenol distils, and solidifies in 
the neck of the retort, whilst the contents become dark coloured. 
The mass is shaken out into a basin without disturbing the phenol 
in the neck, and the residue dissolved by filling the retort two- 
thirds full of w^ater. This is poured into the basin containing the 
other portion, which soon dissolves. The solution is acidified with 
concentrated hydrochloric acid, which throws down impure salicylic 
acid in the form of a dark brown precipitate. When cold, the 
precipitate is filtered at the pump, and washed with a little cold 
water. A further quantity may be obtained by evaporating the 
filtrate to a small bulk. It is purified by dissolving in water, 
boiling with a little animal charcoal and filtering. The filtrate 
deposits the acid, fin cooling, in colourless needles. Yield, about 
6 grams. 

1. QHjONa -f CO, « C<,H^O.CO.ONa. 

Sodium phenyl carbonate. 

2. C.U.O.CO.ONa + C.H.ONa = + C,H,OH. 

Disodium salicylate. 
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Properties . — Colourless needles; m.p. 155 — 156®; soluble in 
alcohol and hot water. 100 parts water dissolve 0*225 part at 
15® and 7*925 parts at loo®. 

Reactions. — i. Dissolve a little of the acid in water and add a 
drop of ferric chloride. A violet coloration is obtained. 

2. Grind up some of the acid with soda-lime and cover with a 
shallow layer of the same substance. On heating strongly the 
smell of phenol is perceived. 

CeH4(OH)CO.OH + CaO - -f- CaCOj. 

See Appendix, p. 432. 


Preparation 107. 

Acetylsalioylic Acid (Aspirin), 2 

Wohlgemuth, C'heni. CentralbL, 1899, I, 1294. 

14 grams salicylic acid 
10 pyridine 

ro ,, acetyl chloride. 

The sali('ylic acid and pyridine are mixed and cooled in ice and 
the acetyl chloride is then added drop by drop with stirring. The 
mixture is heated on the water-bath for two minutes and cooled, 
when a viscous semi-solid mass is obtained. On the addition of a 
small quantity of crushed ire, which is stirred into the mass, crude 
asj)irin solidifies. It is filtered, washed >\ith water and dried on 
a porous plate; m.p. 133 — 135®. Yield 16 grams. On crystal- 
lisation from benzene it melts at 136 — 138®. 

+ Cn,,COCl + C,H.N 

Awtyl salicylic acid. 

+ CsH.N.HCl. 

It may also be obtained by heating the salicylic acid with rather 
more than its weight of acetic anhydride at 150 — 160® for several 
hours and removing the unchanged anhydride and acetic acid by 
distilling under reduced pressure. The residue is purified as 
described above. See Appendix, p. 433. 

COHEN ’s p. o. c. 


Q 
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Preparation io8. 


Quinone and Quinol (Hydroquinone)^ 



and CeH4 


/ 

\ 


on I 

OH 4 


Woskresensky, Annalen, 1838, 27 , 268; Nietzki, Ber,, 1886, 19 , 
1467; Meyer and Jacobson, Lehrbuck, vol. ii., p. 421. 

25 grams aniline 

200 ,, (no c.r.) cone, sulphuric acid 

750 c.c. water 

80 grams potassium dichromate. ^ 

The water and aniline arc mixed together in a large glass jar 
(i| litres) and the sulphuric acid added. The mixture is cooled 
in ice and stirred with a turbine (see Fig. 67, p. 112). The finely- 
powdered dichromate is added every few minutes in small quantities 
on the end of a small spatula, until about one-third has been added, 
care being taken that the temperature does not exceed 10°. The 
mixture is then left to stand overnight, and the remaining two- 
4:hirds of the dichromate introduced as before. Aniline blac'k 
separates out in the first part of the operation, and in the second 
part of the process gradually dissolves, giving a deep brown solution. 
The liquid, after standing for four to five hours more, is divided 
into two about equal portions. One half is shaken up, not too 
vigorously, with a large quantity (200 c.c.) of ether three times. 
The same ether may be distilled and used again. Vigorous shaking 
produces an emulsion, which very slowly separates. On distilling 
off the ether, the quinone remains in the form of yellow ncedlc- 
, shaped crystals, which may be purified by sublimation. The 
substance is placeci in a flask attached to a condenser, and a rapid 
current of steam blown through. The quinone sublimes and 
collects in the receiver, and is separated from the water by filtration, 
apd dried. Yield about 10 grams. 

* Or an equivalent quantity of sodium dichromate (73 grams), which 
may be dissolved in 3 — 4 times its weight of water and delivered from 
a tap^funnel. 
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The reaction consists in the oxidation and elimination of the amino- 
group and simultaneous replacement of two hydrogen atonis in the 
benzene nucleus by oxygen* and cannot well be expressed in the form 
of equation. (See Appendix, p. 433.) 

Properties. — Golden-yellow, needle-shaped crystals; m.p. 116®; 
with difficulty soluble in water, readily soluble in alcohol and 
ether; sublimes on heating; its vapour has a penetrating smell 
and attacks the eyes. 

Reaction . — Dissolve a few crystals in water and add a solution 
of sulphur dioxide. The solution first darkens from the formation 
of quinhydrone, rgH4.02.("flH4(0H)2, and then becomes colourless 
and contains quinol. 

Quinol. — The other half of the product is treated with a current 
of sulphur dioxide until, after standing for a time, it retains the 
smell of the gas.* The sulphur dioxide is most conveniently 
obtained from a bottle of liquid, or it may be prepared by dropping 
concentrated sulphuric acid from a tap-funnel on to sodium sulphite. 
The liquid, after standing one to two hours, is extracted with ether 
until no more quinol is removed. The ether is distilled off, and 
the dark-coloured residue recrystallised from water with the addition 
of sulphur dioxide and a little animal charcoal. Yield about 
10 grams. 

CJI4O, -i SO, -i- 2 \\p -- C,H4(0H), -f H,S04. 

Outiu)!. 

Properties,— i'o\owT\t?>s prisms; m.p. ifi(/ ; sublimes at a gentle 
heat ; easily soluble in alcohol, ether, and hot w^ater. 

Reactions, — i. To a solution of quinol in water, add a few drops 
of ferric chloride. The solution turns dark green from the formation 
of quinhydrone and then brown and ether now extracts quinonc. 

4 2FeCl3 + 2FeCb + ^HCi. 

2. Add to the solution of quinol in water, a drop of copper 
sulphate, and caustic soda, and w^arm. Cuprous oxide is pre- 
cipitated, 

CeH^fOH), + 2CuO = -f Cu^O + H^O. 

See Appendix, p. 433. 


Q2 
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Preparation 109, 

Beiuiyl Chloride, CeHjjCHgCl 
Cannizzaro, Annalen, 1853, 88, 129, 

100 grams toluene 
I gram phosphorus trichloride. 

The apparatus consists of vessels for evolving and drying chlor- 
ine (see Fig. 65, p. 106) and a weighed retort (300 c.c.) standing 
on wire-gauze, into which the toluene is brought (Fig. 79). The 



chlorine enters through an inlet tube, fixed through the tubulus 
of the retort, the neck being fixed to a reflux condenser. The 
dry chlorine is conducted into the toluene, which is kept boiling 
gently until it has gained about 37 grams in weight.* The liquid 
turns yellowy and hydrochloric acid fumes are evolved at the 
upper end of the condenser. When the reaction is complete the 
contents of the rjjtort are distilled.* At first unchanged toluene 
distils; the fraction boiling at 165 — 185° contains nearly the 
whole of the benzyl chloride, and forms the greater part of the 
product. The liquid, which passes over above 185°, is a mixture 
of higher chlorinated compounds, and consists chiefly of benzal 
chloride, ( gHgCHCIy, and benzotrichloride, Cgll^Cn^. The portion 
containing the benzyl chloride is repeatedly fractionated until a 
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liquid is obtained, boiling at 176 — 180°, which is nearly pure 
benzyl chloride. Yield 80 — 90 grams. 

CeHgCH, 4- Cl* C^HjCHaCl + HCl. 

Properties , — Colourless liquid with an irritating smell; b.p. 
176°; sp. gr. 1*107 at 14®. See Appendix, p. 434. 


Preparation no. 

Benzyl Alcohol, 

Sbderbaum, Widman, Ber., 1892, 26 , 3290. 

20 grams benzyl chloride 

16 „ potassium carbonate (in 200 c.r. water). 

In a round flask (i litre) attached to a reflux condenser boil 
the mixture of benzyl chloride and potassium carbonate solution 
over wire-gauze with the addition of a few bits of porous pot. 
The boiling must be continued until the smell of benzyl chloride 
has disappeared (six to eight hours). Extract the liquid with 
ether, dehydrate over potassium carbonate, decant through a 
filter and distil off the ether on the water- bath. Continue the 
distillation over wire-gauze, run the water out of the condenser 
and collect at 200—210®. Yield 12 — 15 grams. 

2C*H^CH*C1 + HjjO -f KjCO* = 2C6H,CH20H 4 2 KCI -f CO*. 

Praperiies , — Colourless liquid with a faint aromatic smell; 
b.p. 206*5®; sp. gr. 1*05 at 15*4®; moderately soluble in water. 

Reactions, — i. Boil 2 or 3 drops with 2 — 3 c.c. dilute nitric 
acid (iHN 03,4H20); benzaldehyde is first formed and is detected 
by the smell. On continued boiling, benzoic acid is formed and 
separates on cooling in crystals. 

2, Warm i c.c. of the alcohol with i c.c. concentrated hydro- 
chloric acid. The clear solution becomes turbid and benzyl 
chloride separates. 

CeHjCHjOH + IlCI ^ 4- H*0. 

3, Mix together equal weights (about 0*5 gram) of benzyl alcohol 
and phenyl isocyanate and warm for i hour on the water-bath. 
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On cooling benzyl phenyl urethane crystallises. Re-crystallised from 
alcohol it forms colourless needles^ m.p. 75"^. 

CeH^N:CO -f OH.CH^.C^H^ = C^H^NH.COOCHg.CeHs. 

See Reaction, 3, p. 55. 

See Appendix, p. 435. 


Preparation hi. 

Benzyl Cyanide, CJIgCIIgCN. 

Cannizzaro, Annalen, 1855, 96 , 247; Mann, Ber , 1881, 14 , 1645; 

Organic Syntheses, Vol. If, p. 0. 

90 grams benzyl chloride 
120 c.c. absolute alcohol 

60 grams potassium cyanide, or 45 grams sodium cyanide 
(in 55 c.c. water). 

The cyanide and water are placed in a 1 -litre round flask attached 
to a reflux condenser and gently boiled on a sand-bath. The 
mixture of benzyl chloride in alcohol is added drop by drop from a 
tap-funnel inserted in the top of the condenser. After the addition 
of the benzyl chloride the liquid is boiled for four hours more. 
A dark brown liquid is obtained, which alter cooling is filtered from 
solid matter. It is distilled in the ordinary way and the fraction 
boiling at 190 — 240° collected. It is re-distilled with a short 
fractionating column and collected at 210 — 235'^. In a third dis- 
tillation the fraction is collected boiling at 225 — 233®. Yield, 
56 grams. 

A better result is obtained by fractionating under reduced pres- 
sure. Benzyl cyapide boils at 125 — 130'^ at 25 mm. and at 115 — 
120*^ at 10 

CeHiCHjjCl 4- KCN-aCeH.CHjCN -f KCl. 

Pr<3/><rf^ia^--*Colourless liquid; b.p. 231''; sp. gr. 1*014 at 18®. 
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Preparation 112. 

Phenyl Acetic Ester, CeHs.CHg.COOCaHs. 

Cannizzaro, Annalen, 1885,96. 247; Staedel, Ber., 1886, 19, 1951; 
Organic Syntheses, Vol. II. p. 27. 

55 grams benzyl cyanide 

30 „ (17 c.c.) cone, sulphuric acid 

90 c.c, absolute alcohol. 

The mixture of benzyl cyanide, absolute alcohol and cone, sul- 
phuric acid is introduced into a half-litre round flask attached to a 
reflux condenser and heated in an oil-bath at loo — 120° for four 
hours. The excess of akohol is then distilled from a water-bath 
and the residue diluted with 300 — 350 c.c. of cold water. The 
ester which separates as an oily layer is extracted with ether. 
The extract is distilled first on the water-bath to remove the ether 
and finally on wire-gauze, and the ester collected at 215 — 230°. 
This is redistilled, using a column, and the fraction boiling at 225 — 
230° collected. Yield, 50 grams. 

zCeH.CH^CN -f 211,0 -f H,SO^ + 2C,H,OH 2C JI^.CHg.COOCVi^ 

-f (NHJ,SO,) 

Properties . — Colourless liquid with fragrant smell; b.p. 229®; 
sp. gr. I *0861 at 16^. See Appendix^ p. 436. 

Preparation 113. 

Benzaldehyde (Bitter Almond Oil), CgH5.CO.Tl, 

Method I (from Benzyl chloride). 

Liebig, Wohler, Annalen, 1837, 22 , i; Lauth, Griniaux, Annalen, 
18G7, 143, 180. 

50 grams benzyl chloride 
40 ,, copper nitrate 

500 c.c. water. 

The mixture of benzyl chloride, copper nitrate and water is 
heated to boiling in a round flask (i J litre) with upright condenser 
on the sand-bath for a day (eight to nine hours). A slow current 
of carbon dioxide is at the same time passed through the liquid 
to prevent oxidation of the benzaldehyde by absorption of oxygen 
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from the air. During the process nitrous fumes are slowly evolved. 
When the reaction is complete, the contents of the flask are extracted 
with ether, and the yellow oil remaining, after distilling off the 
ether, is well shaken with a saturated solution of sodium bisulphite ^ 
and allowed to stand for a time. 'Fhe colourless crystalline mass 
which separates is Altered, washed with a little alcohol and 
ether, and then drained on a porcelain filter. The aldehyde is 
regained by adding dilute sulphuric acid in excess and distilling 
in steam. The distillate is extracted with ether, dehydrated 
over calcium chloride, decanted, and the ether distilled off. Yield, 
about 15 grams. 

2C,HjCHjC 1 + Cii(N08)a 2 CeH 5 COH -4- CuCl^ 4- 2 HNO,. 

Method II (from Benzal chloride). 

16 grams benzal chloride 
20 „ cone, sulphuric acid. 

The benzal chloride and sulphuric acid are mixed and stirred 
until no more hydrogen chloride is evohed, a process which requires 
about three hours. Little heat is developed. The dark bro\\n 
liquid is then poured on to crushed ite (about 50 grams), the 
benzaldehyde extracted with ether and dehydrated over calcium 
chloride. After removal of the ether, the remaining oil is distilled. 
The yield is 6 grams (60 per cent.). 

C^HjCHCJ, -f 2 H 2 C) — ^C«H5CH(C)H)2 -r 2HCI — X'eH^CHO 4 Hp. 

Method III (from Iknzal chloride). 

50 grams benssal chloride 
500 c.c. water 

150 grams precipitated calcium carbonate. 

The benzal chloride, water and calcium carbonate are mixed in 
a I -litre round flask and heated with reflux condenser in an oil or 
metal bath at 130® for four hours. The calcium salts are filtered 

^ The solution is prepared either by dissolving solid sodium bisulphite 
in water or by passing sulphur dioxide into powderetl sodium carbonate 
covered with a shallow layer of water. The carbonate dissolves with 
elMrvescence, forming a heavy apple-green liquid smelling strongly of 
JllAphur dioxide. 
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and the liquid is distilled in steam. When no oil distils, a strong 
solution of sodium bisulphite is added to the distillate until the 
benzaldehyde passes into solution. After filtration through a 
fluted filter, the liquid is made strongly alkaline with sodium 
carbonate and again distilled in steam. The subsequent process is 
the same as that described above. The yield is 27 grams (68 per 
cent). On concentrating the liquid in the distilling flask and 
acidifying with hydrochloric acid a few grams of benzoin acid can 
be obtained. 

CeH.CHCI, + HjO -f- CaCOj, = C Jl6.CH(OH)2 + CaCl* + CO* 

== CeH^CHO -f Hfi. 

Properties.— "Colourless liquid, with a pleasant smell ; b.p. 
179“; sp. gr. i'0504 at 15°; it quickly oxidises in the air, forming 
benzoic acid. 

Reactions. — i. Leave a drop of benzaldehyde on a watch- 
glass. It solidifies by becoming oxidised to benzoic acid. 

2. Add 5 c.c. cone, ammonia to i c.c. benzaldehyde, cork up 
and leave two days. Crystals of hydrobenzamide, (Cgn5CH)3N2, 
separate, which may be recrystallised from spirit. 

3CeH,COH + 2NH3 4- 3H3O. 

3. Heat on the water-bath 2 c.c. of benzaldehyde and 2 c.c. 
of aniline for an hour. Crystals of benzalaniline are formed on 
(ooling, CJlgCOII-f CellgNHa- CeIl5CH:N.CeH6+ which 
may be filtered and crystallised from spirit; m.p. 42°. 

4. Shake up together 10 grams of benzaldehyde with 9 grams 
of caustic potash in 6 c.c, of water until a permanent emulsion is 
formed and let stand three to four hours. Dissolve the solid product 
in a little water and shake out with ether twice. On acidifying 
the aqueous portion with hydrochloric acid, benzoic acid is pre- 
cipitated. Filter and wash with a little cold water and dry. 
Distil the ether from the ethereal solution. The residue is benzyl 
alcohol (Cannizzaro) (see p. 236). 

2C3H3COH + KOH == C^H^COOK + C3H5CH2OH. 

5. Mix together 0*5 gram of benzaldehyde, 0*6 gram of semi- 
carbazide hydrochloride dissolved in 5 c.c. of water and then add 
0*8 gram of sodium acetate in 5 c.c. of water and shake well. A 
thick white precipitate of the semicarbazone separates. It is 
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filtered, washed with water and when Crystallised from spirit is 
deposited in fine, colourless needles, m.p. 208 — 210®. 

CeHjCOH-f-NHj.NH.CO.NHj.HCl -f NaC^HaOj 

« C<,HaCH:N.NH.CO.NH8+ H,0 + NaCl + C,H^Oa. 

6. Mix together 0*5 gram of benzaldehyde and o’8 gram of 
hydrazine sulphate, (NH2NH2)2H2S04, dissolved in hot water, and 
then add gradually 0*5 gram of sodium carbonate (anhydrous) 
dissolved in water and shake up. Effervescence occurs and the 
solid hydrazone separates, and may be crystallised Irom dilute 
spirit, 

aC^HjCHO + (NH„Nna)*H.S 04 -| Ka^COj, 

= CeHsCH.N.N.CHCeHB + Na,S 04 -f CO^ -f 3H,0. 

It forms glistening pale yellow plates; m.p. 94®. 

7. Dissolve 0*5 gram of phenylhydrazine in about3C.c.of glacial 
acetic acid or alcohol, and add an equal weight of benzaldehyde in 
3 c.c. of alcohol. A nearly colourless crystalline mass of the 
phenylhydrazone separates. Filter, wash with a little alcohol 
and crystallise from hot alcohol. Faintly yellow needles separate 
which redden in the light ; m.p. 158®. 

8. Dissolve o*8 gram of nitrophenylhydra/ine ^ in 5 c.c. of glacial 
acetic acid and whilst warm add 0*5 gram of benzaldehyde in 
1 — 2 c.c. of glacial acetic arid and cool. A claret-coloured, crystal- 
line precipitate separates. Filter, wash with a little acetic acid and 
crystallise from hot acetic acid; m.p. 192®. 

See Appendix, p. 436. 


Preparation 114. 

CH3 

p-Toiylaldehyde, I | 

X/ 

CHO 

Gattermann, Ber., 1897, 30 , 1622; 1898, 31 , j 149 ; 1906, 
347 , 347- 

30 grains toluene (freshly distilled) 

45 „ anhydrous aluminium chloride 
5 „ cuprous chloride (see p. 187). 

• Por the preparation of nitrophenylhydrazine, see p. 198. 
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The toluene is placed in a wide-necked bottle closed by a rubber 
bung having three holes, two for the inlet and outlet tubes and the 
third for the sealed stirrer (see p. 162). The inlet tube is furnished 
with a T-piece for conducting the carbon monoxide and the hydrogen 
chloride gases as shown in Fig. 80. The apparatus is placed in the 
fume cupboard. 

Preparation of carbon monoxide. — The carbon monoxide may be 
prepared either from formic acid or oxalic acid. In the former 
case 100 c.c. of the commercial 98 per cent, formic acid are poured 
into a |-litre flask provided with a dropping funnel from which 
cone, sulphuric acid is run in rapidly till the temperature rises to 
about 60°, and then more slowly as 
the regulation of the stream requires. 

It is dried through a wash-bottle of 
cone, sulphuric acid. If oxalic arid is 
used, 200 grams of the crystals and 
200 grams of cone, sulphuric arid are 
mixed in a i-litre flask and are heated 
in the oil-bath to 120®, when a mixture 
of carbon monoxide and dioxide is 
evolved, the latter being removed by 
passing the mixed gases through two 
w’ash-bottles containing caustic potash 
solution and dried through two wash- 
bottles of rone, sulphuric acid. 

The hydrogen chloride is generated as 
described on p, 362. It is dried through rone, sulphuric acid. 

The toluene and aluminium chloride arc placed in the bottle, 
which is immersed in a bath of cold water at 20°, A not too 
rapid stream of carbon monoxide and hydrogen chloride is led in 
through the T-piece and the stirrer set in motion. The current 
of gases is so regulated that the volume of carbon monoxide is 
about twice that of the hydrogen chloride. In the course of an 
hour about i to 2 litres of carbon monoxide should have passed 
into the mixture; the temperature is now raised to 25 — 30® and 
the remainder of the gas passed in during four to flve hours. If 
the mixture becomes so viscous that the stirrer is obstructed, the 
operation may be stopped. The viscid product is poured into a 
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large flask containing powdered ice, and the aldehyde and any 
unchanged toluene distilled in steam. The distillate is extracted 
with ether, dried over calcium chloride and distilled %n vacuOf 
the fraction passing over at 1 15— 120® at 30 mm. being collected. 
The yield Varies from 12 to 20 grams and depends on the properly 
regulated proportion of the two gases, which in the case of carbon 
monoxide is most conveniently delivered from a gas holder. 

C,H,.CH, + HCl + CO = + HCl. 

The aldehyde may be further purified by conversion into the 
bisulphite compound as described on p. 232. 

Properties , — Colourless liquid with the smell of benzaldehyde. 
but rather more pungent. Like benzaldehyde it takes up oxygen 
readily and yields /)-toluic acid. It boils at 204® at the ordinary 
pressure; sp. gr. 1*072. 


Preparation 115. 

Benzyl Alcohol, CJIg.CH^On. 

(Another method.) 

Cannizzaro, AnnaUn, 1853, 88, 129 

25 grams benzaldehyde 

22 „ caustic soda (in 15 c.c. of water). 

The benzaldehyde and caustic soda are mixed in a flask and 
shaken vigorously. An emulsion is formed which is left overnight. 
It is then shaken with a little water until a clear solution is obtained 
and extracted several times with ether. The water dissolves the 
sodium benzoate, whilst the ether extracts the benzyl alcohol and 
any unchanged benzaldehyde. Shake up the ether solution with 
a little saturated sodium bisulphite solution. To remove any 
Jjenzaldehyde, separate the ether solution, wash with a little 
sodium carbonate to remove sulphur dioxide, then with water, 
dehydrate over anhydrous sodium sulphate and distil the ether on 
Ihe water-bath. TIte residue is distilled over wire-gauze without 
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water in the condenser and collected at 200 — 210°. Yields 9 — 
10 grams. 

2C«H5CH0 -h NaOH -f H^O CeHs.COONa + 

The alkaline solution left after extraction with ether is acidified 
with cone, hydrochloric acid, cooled and the benzoic acid filtered. 
It is recrystallised from hot water, m.p. 121®. Yield, about 10 
grams. 

Preparation 116. 

Phenylamlno-acetie Acid, C8H5.CH(NH2).COOII. 

Zelinsky and Stadinoff, Ber, 1906, 39, 1725; Marvel and Noyes, 
J. Amer. Chem. Soc,, 1920, 42, 2264. 

53 grams benzaldehyde (in 100 c.c. of methyl alcohol) 

25 „ sodium C5^anide (in 100 c.c. of water) 

27 „ ammonium chloride. 

The ammonium chloride is added to the cold cyanide solution, 
and the benzaldehyde, dissolved in methyl alcohol, is gradually in- 
troduced, the flask being well shaken but not cooled. The mixture 
is left overnight, and after adding 125 c.c. of water allowed to 
stand for a lew hours. It is then extracted by shaking with 
125 c.c. of benzene. The benzene layer is separated and shaken 
twice with water, and then w^ith 50 c.c. of 15 per cent, hydrochloric 
acid (i cone. JIC 1 : i H^O), and again with 25 c.c., in order to extract 
the amino-acid, which forms a soluble hydrochloride. The acid 
extract is boiled on wire-gauze, in a round flask attached to a 
reflux condenser, for tw’o hours. It is* cooled, filtered and the amino- 
acid precipitated by adding excess of ammonia. After standing 
overnight it is filtered, washed with a little water and finally with 
a little spirit and dried in a vacuum desiccator. Yield, 28 grams. 
It may be purified by crystallisation from hot w^ater, but it is not 
essential for the subsequent preparation. 

C.HjCHO + NaCN + NH,C1 = C,H 5 .CH<^^» + H,0 + NaCl. 

C,H.CH<^^= + 2H,0 = C,H,CH 

Properties, — Crystallises in leaflets with pearly lustre, m.p. 256^, 
with partial decomposition. Very insoluble in most solvents. 
See Appendix, p. 437. 
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Preparatjon 1 17, 

Phenylamlnofl^cetic Ester, CeH5.CH(NH2).COOCaH5 
Kossel, Ber., 1891, 24 , 4145. 

20 grams crude phenylaminoacetic acid 
100 c.c. absolute alcoboL 

The alcohol is poured into a Jditre round flask and weighed. 
It is surrounded by ice and dry hydrogen chloride passed in until 
S — 10 grams of the gas have been absorbed. The phenylaminoacetic 
acid is then added and the mixture digested with a reflux condenser 
for three hours, 'fhe alcohol is distilled from a water-bath under 
reduced pressure and the residue dissolved in the minimum quantity 
of cold water. About 100 c.c. of benzene are added, and the 
aqueous layer is made alkaline with ammonia in order to liberate 
the phenylaminoacetic ester, which as hydrochloride is soluble in 
the water] After shaking, the benzene layer is separated and the 
aqueous portion extracted a second time with half the original 
quantity of benzene. The mixed benzene extracts are dehydrated 
over anhydrous sodium sulphate and filtered into a Claisen dis- 
tilling flask. The benzene is first distilled from a water-bath under 
somewhat reduced pressure and the residual liquid distilled at a 
pressure of 10 mm. and collected at 127—132^. The yield is 14 
grams. 

C,HjCH(NH,).COOH 4 C,HpiI f HCl 

. + HA 

C.H.CH<N^C 1 ^ + NH. » + NH.Cl. 

Properties , — Colourless liquid; b.p, 127 — 129° at 10 mm. 

Reach on . prepare the hydrochloride dissolve 2 grams of the 
ester in 10 c.c, of benzene, and pass in dry hydrogen chloride. 
The hydrochloride is precipitated as a colourless crystalline powder, 
and after standing for a short time it is filtered, washed with a 
little benzene and dried in a vacuum desiccator. Yield, 2 grams ; 
m.p. 201 — ^02®. 
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Preparation ii8. 

a- and p-Benialdoximes, Cgll^CILNOH. 

Beckmann, Ber.^ 1890, 23 , 1684. 

21 grams benzaldehydc 

15 ,, hydroxy lamine hydrochloride 

14 ,, caustic soda (in 40 c.c. water). 

The solution of caustic soda and benzaldehydc are mixed and 
the hydroxylamine hydrochloride gradually added with constant 
shaking. The liquid becomes slightly warm and the oil even- 
tually dissolves, forming a yellow solution which has lost the 
smell of benzaldehydc. On cooling, a crystalline mass of the 
benzaldoxime sodium salt separates. Sufficient water is 
added to form a clear solution, through which a current of carbon 
dioxide is passed. A colourless emulsion of the a- or aw/f-aldoxime 
separates on the surface and is extracted with ether, dehydrated 
over anhydrous sodium sulphate and the ether removed on the 
water-bath. Impure bcnzaw/mldoximc remains and is purified 
as follows. It is poured into a saturated solution of sodium ethoxide 
in alcohol (prepared by dissolving 5 grams sodium in 60 c.c. 
alcohol), when the aldoxime separates as the sodium compound in 
the form of a semi-solid mass. It is filtered and washed with a 
saturated solution of sodium ethoxide in alcohol to dissolve out the 
p-oxime. The product is dissolved in water, saturated with carbon 
dioxide and extracted with ether as before. Dry air is then drawn 
through the liquid to remove the last traces of ether when, if pure, 
the oxime, on cooling to o'", solidifies. If not, it should be distilled 
in vacuo. At 12 mm. it boils at 122 — 124^^; at jo mm. at 118 — 
Yield, 10 grams. 

-f 3Hp. 

-f NH2OH.HCI -f iNaOH - CeH,CH:NONa f NaCl 
CeH5CH:NONa -h CO, -f li *0 -- C\H,CH:NOH + NaHCOg. 

Benzaldoxiiuo. 

Properties of txrBemaldoxime . — Colourless needles, m.p. 34 — 35®. 

Reaction . — Dissolve a small quantity of the a-oxime in a few 
drops of acetic anhydride, warm if necessary, and cool quickly 
by adding a little ice. Add to the clear solution solid sodium 
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carbonate and a little caustic soda solution. The solution becomes 
clear on shaking or warming, 

^-BenzaldoMme. — I'he various steps in the preparation of the 
p-oxime must be carried out continuously, and it is therefore 
necessary to be provided beforehand with about 300 cx. of pure 
anhydrous ether. 

The a-compound is dissolved in 50 cx. pure dry ether, and dry 
hydrogen chloride is passed in with constant shaking to prevent the 
delivery tube from becoming blocked. Colourless crystals of the 
hydrochloride of the p-oxime separate and are filtered and washed 
with dry ether and then placed in a separating funnel and covered 
with a layer of ether. A concei^trated solution of sodium carbonate 
is gradually added with constant shaking until no further efferves- 
cence is observed. Sodium chloride is precipitated and the p-oxime 
dissolves in the ether. The ether extract is separated, dehydrated 
over sodium sulphate, and the ether removed as rapidly as possible 
at the ordinary temperature by evaporation tn vacuo. The residue 
crystallises and, when pressed on a porous plate, leaves a mass of 
small silky needles, m.p. 126 — 130®. It may be recrystallised by 
dissolving it in the smallest quantity of ether and then adding 
petroleum ether. 

The yield is theoretical. 


C,H,CH 

HO.Ii 


HCl 


a- or anH-oxime 


C.HXH 


11 . 


OH HCl 


NaXO, 


CeH.CH 
il. OH 

/ 3 - or 


Properties of tlye ^-Benzaldoxime , — Colourless needles, m.p. 130^^. 
Reaction . — Repeat the action for a-benzaJdoxime. In this 
case benzonitrile is formed, which separates in oily drops having 
a characteristic smell. See Appendix, p. 437. 


Preparation iiq. 

Benzalacetone, CgHgCn.-CH.CO.CHg 

Claisen, Annalen, 1886, S 83 , 137; Voriander, Annatm, 1896, 284 , 275 ; 
r^amc Synthese!>, Vol, III, p. 17. 

25 grams benzaldehyde 

38 „ acetone (in 25 c.c. water). 



BENZOIC ACID 


241 


iThe benzaldehyde and acetone are mixed together in a flask 
and 12 to 15 cx. of 10 per cent, caustic soda solution are gradually 
introduced through a dropping funnel and the mixture is mechanic- 
ally stirred. In a few minutes heat is developed and an oily layer 
separates. After the alkali has been added the mixture is stirred 
for a further two hours and is then extracted with chloroform. 
The chloroform solution is dehydrated over calcium chloride and 
filtered. The solvent is removed from the water^bath and the 
residue distilled under reduced pressure. At 30 mm. the fraction 
distilling below 150°, which consists of benzaldehyde, is rejected. 
The second fraction, boiling at 150 — 160®, is nearly pure benzal- 
acetone. It has usually a pale yellow colour and on standing 
completely solidifies, m.p. 37 — 39®. Yield, 15 — 20 grams. After 
crystallisation from ligroin it melts at 40 — 41®. The residue 
in the distilling flask, boiling above 160®, is dibenzalacetone. 
CeHs.CHcCH.CO.CHiCH.CeHg, m.p. 112®. 

C«H5CH0 + CH 3 .CO.CH, = C,H,CH:CH.CO.CH, -f H^O. 

Properties . — Crystallises in colourless, highly refractive plates, 
m.p. 41 — ^42®, b.p. 260 — 262®. Very soluble in alcohol, ether, 
chloroform, or benzene, much less so in ligroin; dissolves in cone. 
H2SO4 with a deep orange colour. See Appendix, p. 438. 


Preparation 120. 

Benzole Acid, CJIjCO.OH 
5 grams benzyl chloride 

4 ,, anhydrous sodium carbonate (in 50 c.c. water) 

8*5 „ potassium permanganate (in 150 c.c water). 

The benzyl chloride and sodium carbonate solution are mixed 
in a round flask (i litre) attached to a reflux condenser, and boiled 
gently over wire-gauze, whilst the permanganate solution is gradu- 
ally dropped in from a tap-funnel pushed through the top of the 
condenser. In the course of two to three hours the pink colour 
of the permanganate will have vanished and been replaced by a 
mass of dark-brown precipitate of manganese dioxide. When the 
liquid is cold, a stream of sulphur dioxide is passed in until the 
cohen’s p. o, c. R 
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manganese dioxide is dissolved (see p, i88)* The liquid is cooled 
aiid the benzoic add filtered, washed with a little cold water and 
crystallised from hot water; m,p. 121°* The yield is theoretical. 
The reaction probably occurs in two steps. 

1. zC.HjCHjCl -h Na,CO, + H *0 « aC^HjCH^OH + 2NaCl + CO,. 

2. 3C,H,CH,0H + 4KM11O4 3C,H,C00K + 4MnOa -f KOH -f 4H5,0. 
Properties . — Crystallises in needles; m.p, ; on heating it 

melts and sublimes ; soluble in hot water and alcohol. It distils 
in steam. 

ReacUons, — i* Make a neutral solution of ammonium benzoate 
by adding excess of ammonia to benzoic acid and boil until 
neutral. To different portions add solutions of calcium chloride, 
ferric chloride, silver nitrate and lead acetate and note the results, 
2. Grind up 0*5 gram of the acid with four times the weight of 
soda-lime and heat gently at first and then more strongly. Vapours 
of benzene will be given off, which may be detected by the smell, 
CeHgCO.OH + CaO = CeH« + CaCOa. 

p-N iirobenzyl benzoate. Dissolve 1 gram of benzoic acid and 
0.5 gram of KOH in 5 c.c. of water: also r gram of />-nitrobenzyl 
chloride or bromide in 10 c.c. of alcohol. Mix the two solutions 
and boil with reflux for half an hour. Cool, filter and crystallise 
twice from alcohol ; m.p. 89"^. 

CeHsCOjjK -f C 1 C,H, ==: + KCl. 

See Appendix, p, 438. 

Preparation 121. 

p-NItrobenzoic Acid, ^ 

Beilstein, Geitner, Annalen, 1866, 139 , 335, Organic Syntheses, 11 , p 53. 

1 1 '5 grams />-nitrotoluene 
34 „ sodium dichromate (coarsely ground) 

75 c.c. water 

85 grams (46 c.c.) cone, sulphuric acid. 

The ^nitrotoluene, sodium dichromate and water are placed in a 
J-litre round flask provided with a mechanical stirrer, and whilst 
the mixture is being stirred the sulphuric acid is dropped through 
a tap-funnel. The mixture darkens and becomes hot, but is not 
allowed to reach a temperature at which the nitrotoluene may be 
driven off. When the acid has been added the contents of the 
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flask are gently boiled with reflux for half an hour^ when a small 
quantity of impure nitrobenzoio add separates. The mixture is 
cooled, and after the addition of loo c.c. of .water, filtered through 
cloth and washed with a further 50 c.c. of water. The crude dark- 
yellow product is digested on the water-bath with 50 c.c. 5 per 
cent, sulphuric acid for a time to remove any chromium salt, and 
after cooling and filtering the solid is dissolved in warm 5 per cent, 
caustic soda solution (about 1 50 c.c.) until the liquid after shaking 
remains alkaline. The liquid when cold is filtered from unchanged 
nitrotoluene and chromium hydroxide, and the filtrate, which has 
a pale greenish-yellow colour, acidified with dilute sulphuric acid 
by pouring the alkaline solution into the acid (not the reverse). The 
pale-yellow precipitate is filtered, washed well with water and dried 
on a porous plate in a vacuum desiccator. The yield is 8*5 grams 
(60 per cent.); m.p. 237 — 238®. It may be recrystallised from 
benzene, alcohol or boiling water. 

-f NaaCr^O^ + 4HaSO, 

= NOa.C^H^ roOH + NagSO* -}- Cra(SOJ3 -f 4H,0. 

p«Nitroben2oyl Chloride. — Mix together in a 100 c.c. distilling 
flask with plugged side-tube and an air condenser 10 grams of 
/>-nitrobcnzoic acid and 12*5 grams of phosphorus pentachloride. 
The mixture is heated on the water-bath * with occasional shaking 
until a clear homogeneous liquid is obtained and the evolution of 
hydrogen chloride nearly ceases. The contents of the flask are 
now distilled under reduced pressure from the water-bath to remove 
excess of phosphorus oxychloride, and the temperature finally 
raised in a paraffin bath to 200® to remove the last portions of the 
oxychloride. The residual /^-nitrobenzoyl chloride solidifies on 
cooling and may be recrystallised from ligroin; m.p. 73°. 

NOjCeH^.COOH -f PCI5 == NOaC.H^COa + HQ + POCI3. 

/>-Nitrobenzoyl chloride combines readily with alcohols, forming 
ciy^talline esters. It is therefore frequently used for identifying 
alcohols, see p. 55. See Appendix, p. 440. 
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Preparation 122. 

/77-Nltr0-, /77~Aiiiino^ and /n-Hydroxy«>ban2oio Aoid«i 

^e« 4 CcoOH, ^«^*^COOH 3 

m-Mttrobenzoio Aeid 

Organic Syntheses, Vol. HI, p. 53. 

40 grams benzoic acid 
80 „ potassium nitrate 

100 c.c. cone, sulphuric acid. 

The benzoic acid and potassium nitrate are mixed and care- 
fully powdered. The sulphuric acid is warmed to 70° and stirred 
mechanically, whilst the mixture of benzoic acid and nitrate is 
added slowly, so that the temperature does not exceed 80*^ . When 
all is added the temperature is raised to 90®, and kept at this 
temperature until the nitrated acid separates as an oily layer on the 
surface. On cooling, the layer solidifies and can be separated. 
It is then distilled in steam to remove benzoic acid. The residue 
containing the nitrobenzoic acid is heated to boiling and made 
slightly alkaline with baryta. Two litres of water are added and 
the liquid is raised to the boiling point by passing in steam and then 
filtered. On cooling, the barium salt crystallises and is Altered off 
and decomposed with hot dilute hydrochloric acid. The precipi- 
tated acid is recrystallised from water ; m.p. 141®. Yield, 28 grams* 

/n-Aminobenzoic Acid 

20 grams nitrobenzoic acid 
40 „ granulated tin 
120 c.c. cone, hydrochloric acid. 

The nitrobenzoic acid, tin and hydrochloric acid are mixed in 
a litre flask and wanned until the reaction begins. When the 
first vigorous action is over, the mixture is heated on the water- 
bath until the tin is dissolved. The liquid is poured into a basin 
and evaporated on the water-bath to expel the excess of hydro- 
chloric add. The tin is then precipitated by passing into the hotj 
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dilute solution a current of hydrogen sulphide. The sulphide is 
filtered and washed with hot water, and the filtrate evaporated 
to dryness. To obtain the free acid, a small portion of the residue 
is dissolved in very little water made alkaline with ammonia, and 
acidified with acetic acid. It is recrystallised from water, and melts 
at 174®. 

m-Hydroxybenzoic Acid 

15 grams w-aminobenzoic acid hydrochloride (in 200 c.c. water) 
6*5 „ sodium nitrite (in 15 c.c. water). 

The nitrite solution is slowly added to the solution of the hydro- 
chloride dissolved in water. The liquid is heated on the water-bath 
until the evolution of nitrogen ceases, and then filtered and con- 
centrated, The hydroxybenzoic acid separates on cooling as a 
brown mass, which may be purified by dissolving in water and 
boiling with animal charcoal. It separates in colourless crystals, 
m.p. 200®. Yield, 7 grams. See Appendix^ p. 440. 


Preparation 123. 

m-Bromobenzoic Acid, Cen4<^Q ^ 

Hubner, Petermann, Annalen, 1869, 149 , 13 1. 

5 grams benzoic acid 
7 „ bromine 

30 c.c. water. 

The mixture is brought into a thick-walled tube, closed at one 
end and sealed in the usual way. The tube is heated in the 
tube furnace to 140 — 150° lor eight to nine hours. After cooling, 
the capillary is opened and the tube removed from the furnace. 
The bromine will have completely disappeared, and colourl^s 
crystals of bromobenzoic acid now fill the tube. The contents 
are removed, filtered^ and boiled with water (100 c.c.) in a basin 
to drive off unchanged benzoic acid. The liquid is cooled, filtered, 
and the bromobenzoic acid crystallised from hot water. Yield, 
5 grams. 

C4H5CO.OH -f Br, === C^H.Br.CO OH + HBr. 

Properties . — Colourless needles; m.p. 155°. 
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Preparation 124. 

C,H..CHOH 
BeBSoin, I 
C,H,.CO 

Liebig, Wohler, Annalen, 1832, 8» 276; Zinin, Annalen, 1840, 84, 186. 

25 grams benzaldehyde 

5 ,, potassium or sodium cyanide pure (in 20 c.c. water) 
50 cx* purified spirit. 

The mixture of benzaldehyde, potassium cyanide and alcohol 
is heated on the water-bath with an upright condenser for about 
half an hour. On cooling the liquid, the benzoin separates as 
a mass of small colourless crystals, which are filtered and washed 
with a little alcohol. Yield, about 20 grams. A portion of the 
substance may be purified by recrystallisation from spirit. 

aC.HjCOH == C,HgCO.CH(OH).C«H». 

Properties . — Colourless prisms; m.p. 137'^; slightly soluble in 
water ; soluble in alcohol and ether. 

Reaction . — Add Fehling’s solution to benzoin dissolved in 
alcohol. Benzil is formed and cuprous oxide precipitated. Bcnzil 
is also formed on oxidation with nitric acid. See Appendix, 
p. 440. 


Benzil, CeHsCO.CO.CeH^. 

Zinin, Annalen, 1840, 34, 188; Orgamc Syntheses, Vol, 1, p. 25. 

15 grams benzoin 

35 (25 <*onr. nitric acid, sp. gr. i'4. 

The benzoin and nitric acid are heated on the water-bath with 
sim air condenser, the flask being occasionally shaken. Nitrous 
fumes are evolved, and the cr>^stals of benzoin are converted into 
a yellow oil, which, after two hours’ heating, is free from unchanged 
benzoin. The contents of the flask are now poured into water, 
and the yellow, crystalline deposit separated by filtration, washed 
with water and recrystallised from alcohol. Yield, 10 — 12 grams. 

Properties . — ^Yellow prisms; m.p. 95®; insoluble in water; 
soluble in hot alcohol. 
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Reaction , — Dissolve a small quantity of benzil in a little alcohol, 
add a fragment of caustic potash and boil. A violet solution 
is obtained. See Appendix, p. 440. 


Preparation 125. 

BenziUc Acid, (CeH3)5jC(OH).COOH. 

Liebig, Annalen, 1838, 26 , 25; Organic Syntheses, Vol. 1, p. 29. 

32 grams benzil 

32 „ caustic potash (in 64 c.c. of water) 

80 c.c. spirit. 

The benzil is dissolved in the spirit in a large round flask 
( J litre) and the caustic potash solution added. The dark -coloured 
solution is heated on the water-bath with reflux for ten to twelve 
minutes. The contents of the flask are then poured into a large 
porcelain basin and left overnight, 7 'he potassium salt of benzilic 
acid, which separates, is filtered and washed with a little spirit. 
The alcoholic mother-liquor, on concentration, yields a small 
additional amount of salt. In order to obtain the free acid, the 
salt is dissolved in a litre of water and cone, hydrochloric acid 
slowly added with stirring. The first 10 c.c. of hydrochloric acid 
thrown down a reddish precipitate which is slightly sticky. This 
is filtered and the filtrate, which should now be colourless, is 
further acidified until acid to Congo-red paper. The benzilic acid 
is filtered and washed well with cold water, and when dry crystal- 
lised from benzene ; m.p. 150*^. The coloured and sticky material 
obtained by the first precipitation is crystallised from hot water 
with the addition of animal charcoal. Yield, 33 grams. 

Cellfi.CO.CO.CgHs -{- KOH ^ {CeIf5)2C(OH).COOK. 

Properties . — Colourless needles; m.p. 150'^; scarcely soluble in 
cold, readily soluble in hot winter and alcohol. 

Reaction . — Add a little cone, sulphuric acid to benzilic acid. 
It dissolves with an intense red colour. See Appendix, p. 441, 
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Preparation 126. 

Benzalmatonie Aetd, CeHi^CHiqCOOH)^. 

Annalen, 1883, S 18 , 129. 

7 grams bcnzaldehyde 
7 ,, malonic acid 

4 „ glacial acetic acid. 

The mixture of the above is heated with reflux on the water- 
bath for ten hours and, whilst hot, poured into a basin and left to 
crystallise. Colourless crystals of benzalmalonic acid separate 
and are filtered, washed with chloroform and recrystallised from 
petroleum spirit. The yield is 5*5 grams ; m.p. 194 — 196''. 

C^HjCHO 4- CH,(COOH)* =:= C,H5CH:C(COOH)4 + H^O. 

Properties , — On heating to 200 — ^210® benzalmalonic acid loses 
carbon dioxide and is converted into cinnamic acid ; on reduction 
it yields benzylmalonic acid. 


Preparation 127. 

Cinnamic Acid (Phenylacrylic Acid), 
C«H5.CH:CH,C02H, 

Bertagnini, Anftalen, 1856, 100 . 126; Perkin, Trans, Cheni, Soc., 
1868, 21, 53; Fittig. Ber,, 1881, Id, iBad. 

20 grams benzaldehyde 

10 „ sodium acetate (fused) 

30 „ acetic anhydride. 

The mixture of benzaldehyde, sodium acetate, and acetic 
anhydride is heated to 180° in a small round flask with upright 
condenser in an oil-bath for about eight hours. The mass is 
poured out whilst hot into a large round flask (i litre), sodium 
carbonate added until alkaline, and any unchanged benzaldehyde 
distilled off with steam. After filtering from undissolved resinous 
by-products^ hydrochloric add is added, which precipitates the 
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free cinnamic acid in white crystalline flakes. It may be purified 
by recrystallisation from hot water. Yield, 15 — 20 grams. 

1. C^HjCO.H 4- CHjXO.ONa = C«HsCH:CH.CO.ONa -f HjO. 

2 . C*Hft.CH:CH.CO.ONa + H,0 + (CHa.CO)jO = 

C^Hj.CHiCH.COOH -f CH.CG.ONa + CH3.COOH. 

Properties . — Colourless prisms; m.p. 133®; b.p. 300 — 304®. 
See Appendix i p. 441. 


Preparation 128. 

Hydrocinnamic Acid (Phenylpropionic Acid), 
CeH6CH2.CH2.CO2H. 

Erlenmeyer, Alexejeff, Annalen, 1862, 121 , 375, and 1866, 187 , 237. 

lo grams cinnamic acid 
100 „ water 

170 „ sodium amalgam (2^ per cent.). 

The sodium amalgam is prepared by warming 200 grams of 
mercury in a porcelain basin for a few minutes. The mercury 
is poured out into a mortar which is placed in the fume cupboard, 
the window of which is drawn down so as to protect the face. 
Five grams of sodium are introduced in small pieces, the size of 
a pea, and pressed with a pestle under the surface of the mercury. 
Each piece dissolves with a bright flash. The amalgam is poured 
out whilst semi-fluid on to an iron tray, broken up, and kept in a 
wide-necked stoppered bottle.^ 

The cinnamic acid and water are introduced into a strong beaker 
or bottle (300 c.c.), and the liquid is made slightly alkaline with 
caustic soda, which dissolves the acid forming the sodium salt. 
The sodium amalgam is added in small pieces from time to time 
and the liquid thoroughly agitated. The solution, which remains 
clear, becomes slightly warm, and the amalgam soon liquefies, 
but no hydrogen is evolved until towards the end of the operation. 

^ If larger* quantities of amalgam are required, the mercury is heated 
in a small enamelled pan, or crucible, the sodium added in one lot, 
and the vessel immediately closed with a lid, which is held down with 
long crucible tongs until the reaction is over, and then poured out 
whilst fluid. It should be broken up at once and placed in a well- 
stoppered bottle. 
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Whm the whole of the amalgam has been addcd^ and bobbles of 
gas cease to be given off, the solution is decanted from the mercury, 
which is rinsed with water. On acidifying the solution with 
hydrochloric acid, hydrocinnamic acid is precipitated as a colour- 
less oil, which solidifies on standing. It may be recrystallised 
from a large quantity of warm water. Yield, 8 — 9 grams. 

CJi^.CPI.’CH.COjH -f == CeH5.CH4.CH,.CO,H. 

Properties , — Long colourless needles; m.p. 47°; b.p. 280®; 
soluble in water and alcohol; volatile in steam. See Appendix, 
p. 444. 

Preparation 129. 

p-Phenylpropionyl Chloride, CeH^.CH^.CHg.COCL 
Kipping, Trans. Chem. Soc,, 1894, 86, 480, 

20 grams hydrocinnamic acid 
30 „ phosphorus pentachloride. 

The phosphorus pentachloride is gradually added to the hydro- 
cinnamic acid contained in a round flask (250 c.c.) provided with 
an air condenser.* When the reaction has subsided the flask is 
heated for a short time on the w’ater-bath to complete the process. 
A yellow liquid is obtained from which the phosphorus oxychloride 
is removed by distilling in vacuo from the water-bath. The phenyl- 
propionyl chloride which remains is distilled under reduced pressure. 
Yield, 20 grams. 

C,H,CH3.CHj.COOH + PCI* = C*H 5 .CH*.CHj^C 0 a ^ poa* -f HCi. 

Colourless liquid; b.p. 119 — 120® at 15 mm. 


Preparation 130. 



CO 

Kipping, Trans. Chem. Soc., 1894, 86, 480. 
m grams phenylpropionyl chloride (in 60 c.c. of petroleum ether) 
fd „ aluminium chloride (anhydrous) 

20 „ petroleum ether (b.p. 60 — 70®). 
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The ahiminium chloride (preferably freshly sublimed and pow- 
dered) together with the petroleum ether are put into a round 
flask (250 c.c.) with reflux condenser attached.* The mixture is 
heated on the water-bath imdl it boils ; the flame is then removed 
and the phenylpropionyl chloride solution dropped in from the 
top of the condenser* The aluminium chloride turns brown and 
hydrogen chloride is evolved as the reaction proceeds* The mixture 
is then heated on the water-bath until a brown liquid is formed, 
the petroleum ether floating as an almost colourless layer on the 
surface (twenty minutes). The evolution of hydrogen chloride, 
which is rapid at the beginning, now practically ceases. Water is 
now cautiously added and the mixture distilled in steam. The 
distillate is saturated with sodium sulphate and extracted with a 
mixture of petroleum spirit and ether. The extract is shaken 
with sodium carbonate solution and dried over anhydrous sodium 
sulphate. The ether is distilled and the oily residue on cooling 
forms a mass of colourless crystals of hydrindone, m.p. 40 — 41°. 
Yield; 12—13 gratis. 

/\CHs.CH,.COCl ^ 

\/ '^'>0 * 

Properties . — Colourless tabular crystals; m.p. 41°; forms an 
oxime, Cj^Hg.N.OH, m.p, 146®, and a phenylhydrazone, m.p. 130 — 
131°, See Appendix ^ p. 444. 


Preparation 131. 

Mandelic Acid, Ce]l5.CH(OH).COOH. 

Friedlander, Theerfarbenfabnkation» VoL IV, p. i6o. 

15 grams benzaldehyde 
50 c.c. cone, sodium bisulphite solution 
8 grams sodium cyanide ^ (in 20 c.c. water). 

The benzaldehyde and sodium bisulphite are mixed together 
and stirred. The mixture fonns a semi-solid mass of the bisulphite 
compound, which after standing for half an hour is filtered and 
^ Or the equivalent quantity of potassium cyanide {12 grams). 
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pressed at the pump and washed with a little water and spirit* 
The mass is then ground to a thick paste with water and the 
solution of sodium cyanide added. Aiter a short time mandelic 
nitrile separates as a reddish oil and is removed by meahs of a 
tap-funnel with the addition of a little ether. 

C.H8CH(OH)SO,Na + NaCN C«H,CH(OH).CN + Na,SO,. 

The ether is allowed to evaporate on the water-bath and the 
nitrile is then hydrolysed by continuing to heat it on the water- 
bath with the addition of 4 — 5 times its volume of cone, hydro- 
chloric acid until crystals appear on the surface. Water is added 
and the hot liquid decanted and filtered from any oil. On cooling, 
the crystals are filtered, washed with a little cold water and dried. 
A further quantity can be extracted from the filtrate with ether. 
It may be recrystallised from benzene. Yield, 10 — 15 grams. 

C,HgCH(OH)CN 4 “ HCl + 2 H ,0 

= CeH5CH(OH).COOH 4 * NH^Cl. 

Properties , — Colourless needles, m.p. n8 — 119°; dissolves 
readily in hot water and in 6 parts of water at 20®. The acid is 
racemic ; the active components exhibit a rotation of [a]J^ == ± 
157® in aqueous solution. See Appendix^ p. 444. 


Preparation 132. 

Phenyl Methyl Carbfnol, C^}i^CU{0}l)£n^, 

Grignard, Compt. rend., 1900, 130 , 1322; Klages and lUJendorf, 
Ber., 1898, 81 , 1003. 

36 grams methyl iodide 

150 c.c. ether (purified and carefully dried over sodium) 

6 grams magnesium ribbon or powder 
26 „ benzaldehyde. 

The magnesium methyl iodide is first prepared and is formed 
by the action of methyl iodide on the metal* The magnesium 
ribbon or powder is placed in a dry, round flask {i litre), connected 
with a long condenser and dropping funnel as shown in Fig. 81. 

The methyl iodide and 50 c.c. of dry ether are mixed in a separate 
vosel and 20 of this mixture poured on to the magnesium. 
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In a few seconds a vigorous action usually sets in or if it is delayed 
may be started by adding a crystal of iodine. When the first 
reaction has subsided, 70 c.c. of 
dry ether are added, and the 
remainder of the alkyl iodide and 
ether mixture is run in drop by 
drop from the tap-funnel. The con- 
tents of the flask are then boiled 
on the water-bath for half an hour 
when (if there has been no loss of 
alkyl iodide) the magnesium com- 
pletely dissolves. 

CH,I + Mg = 

The flask is now^ disconnected and whilst it is kept cool in ice- 
water the benzaldehyde mixed with an equal volume of dry ether 
is dropped in from a tap-funnel with constant shaking. The white 
solid magnesium compound separates and is left overnight. 

Mg<i + C.H.CHO = 

The contents of the flask are cooled under the tap whilst water 
and just sufficient hydrochloric acid to dissolve the magnesia 
are added, the acid being cautiously dropped in from a tap-funnel. 
The aqueous layer is removed in a separating funnel and the ether 
washed first with sodium bicarbonate solution, then with sodium 
bisulphite (to remove free iodine) and again with sodium bicarbonate. 

+ HCI = CeH6CH(OH).CH8 Mg(a)(I). 

The ether extract is then dried over potassium carbonate and 
the ether removed by distillation on the water-bath. The phenyl 
methyl carbinol which remains is distilled under reduced pressure; 
b.p. 100*^ at 15 mm. ; no — iii°at28mm.; 128° at 40 mm. Yield, 
20 grams. 

The same method may be used without modification for pre- 
paring phenyl ethyl carbinol using a corresponding quantity of 
ethyl iodide. See Appendix, p. 445. 
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Preparation 133. 

Benzoyl Chloride* C^HjCOXl 

Wohier, Annalen, 1832, 8, 262; Cahours, AnmUm^ 1846, 80 * 255% 

Method L 
28 grams benzoic acid 
50 „ phosphorus pentaddoride. 

A round flask (250 c.c.) is fitted with an air-condenser. The 
phosphorus pentachloride is quickly weighed into a test-tube 
w^hich is then inverted in the neck of the flash. The operation 
must be conducted in the fume-cupboard. The l>enzoic acid is 
then added, the flask well shaken, and the air-condenser attached.* 
The action begins almost immediately, and clouds of hydrochloric 
acid fumes are evolved. The whole contents become liquid and con- 
sist of benzoyl chloride (b.p. 200^), phosphorus oxychloride (b.p. 
107®), and unchanged pentachloride. Most of the oxychloride 
may be removed by distilling tn vacuo on the water-bath. The 
remainder is fractionated at the ordinary pressure and collected at 
190 — 200®. Yield, 20 — 25 grams. 

C,H,COOH -f PCI5 =- Cell^CO Cl 4 POClj -j HCl. 

Method IL 

28 grams benzoic acid 

35 „ thionyl chloride (see p. 365)* 

The two substances are mixed together in a round flask (250 c.c.) 
and heated on the water-bath with reflux condenser until the 
evolution of hydrochloric acid gas ceases.* The clear liquid is 
distilled over wire-gauze and the fraction boiling at 192 — 195® 
collected. Yield, 25 grams. 

CeHjCOpH 4- SOCl^ = C,HjCOCl + SO, HCl, 

Propertjes. — Colourless liquid, which fumes in the air and 
possesses a pungent smell; b.p. 198*5®; sp. gr. 1*214 at 19®. 

Reactions. Add a few drops of benzoyl chloride to i cx. of 
water; the benzoyl chloride does not decompose at once, and 
requires warming for some time before it is completely dissolved 
(compare acetyl chloride, p. 87). 
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2. Add 2 cx. ethyl alcohol to i c.c. benzoyl chloride and caustic 
soda solution until alkaline^ and warm gently. After a time the 
smell of benzoyl chloride disappears^ and ethyl benzoate remains 
as an oily liquid with a fragrant smell. C^HgCOCl + QHsOH + 
NaOH = QHijCOOCjHg + NaCl + Repeat the same re- 

action with phenol; taking i gram of each substance, and separate 
the solid phenyl benzoate. The phenyl ester melts at 68 — 69®* 
(Schotten-Baumann reaction.) 

5. Add 5 grams benzoyl chloride to 10 grams ammonium car- 
bonate in a mortar * and grind up well. The reaction proceeds 
quietly. If after ten minutes the smell of benzoyl chloride still 
remains, add a few^ drops of concentrated ammonia. Add cold 
water and filter. Benzamide remains on the filter in the form 
of a w'hite crystalline powder, and may be recty^stallised from 
hot w^ater ; m.p. 128^ rjTgCOCl + 2NII4HCO3 = CeH6CONIl2+ 
NH4CI + 2CO2 + 2H2O. The reaction may be repeated, using 
aniline (2 mols.) in place of ammonium carbonate. The product is 
heated with water and a few drops of dilute hydrochloric acid to 
dissolve the aniline hydrochloride and the residue crystallised from 
alcohol ; m.p. 165". 

4. A gram of sodium peroxide is dissolved in a little sodium 
acetate solution in presence of a few small pieces of ice, and a few 
drops of benzoyl chloride added and the mixture shaken. Solid 
benzoyl peroxide separates and is recrystallised from alcohol; 
m.p. 103®. It explodes on heating. 

'iCellgCOCl -f -f 2NaCl. 

See Appendix j p. 446. 

Preparation 134. 

Etliyl Benzoate (Ethyl Benzoic Ester), CeHgCO.OCaHg. 

E. Fischer and Speier, Ber,, 1S95, 28 , 1150* 

25 grams benzoic acid 

75 » (90 absolute alcohol. 

Pass dry hydrochloric acid gas (see p. 362) through the alcohol, 
cooled in water until it has increased about 3 grams in weight. 
Add the benzoic acid and boil the mixture with upright condenser 
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over wire-gau2se for two hours. On pouring a small quantity of 
the product into watex^ only the ester, which is a heavy oil, should 
separate, but no solid benzoic acid. The excess of alcohol is now 
distilled oH on the water-bath and the residue poured into water» 
Any free hydrochloric or benzoic acid is removed by shaking with 
a dilute solution of sodium carbonate. On adding ether and 
shaking, the ester dissolves in the top layer of ether, which is 
separated and dehydrated over calcium chloride. The ether is 
removed on the water-bath, and the ethyl benzoate is then dis- 
tilled over wire-gauze, a few bits of porcelain being added to 
prevent bumping. The distillate is collected between 205® and 
312®. Yield, about 22 grams. 

C^HjCOOH + HOCjHj = + H,0. 

Properties, — Colourless, sweet-smelling oil; b.p. 211®; sp. gr. 
ro5 at 15®. 

Quantitative Hydrolysis of Ethyl Benzoate. — ^The quantitative 
estimation of an ester by hydrolysis is conducted as follows : a 
standard half-normal solution of alcoholic 
potash is prepared by dissolving 7 grams 
of caustic potash in about an equal 
weight of water and diluting to 250 c.c. 
with absolute alcohol. The liquid is 
allowed to stand overnight in a stop- 
pered flask and filtered through asbestos 
into a clean dry bottle closed with a 
cork through which a 25 c.c. pipette is 
inserted. The solution is first standard- 
Fig. 82. by titration against half-normal 

sulphuric acid, using phenolphthaiein as 
indicator. About i gram of ethyl benzoate is carefully weighed 
by difference by means of the apjmratus shown in Fig. 82. 

A volume corresponding to about i gram is delivered into a 
round flask (200 c.c.) by attaching a piece of rubber tubing to the 
wide end of the apparatus and blowing until the liquid descends 
to the required graduation on the wide limb. Twenty-five c.c. of 
the standard alcoholic potash solution are added, and the mixture is 
boiled on the watcr-ba^ with reflux condenser for twenty minutes. 
C,H»COOC,H» -i- KOH « C.H^COOK -f 
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The amount of free alkali is estimated by titration with standard 
sulphuric acid and the quantity of ester calculated. 
Example,--rss 5 gJ^^ms required 15*1 c.c. N/aHgSO^ 


15. 1 2< 0-150 X200 
2 X 1*1355 


= 99 7 per cent. 


See Appendix j p. 446. 


Preparation 135. 

Acetophenone (Phenylmethylketone, Hypnone), CgHg.CO CH^. 
kriedcl. Crafts, Ann, Chnn. Phys , 1884, 1 , 507; 14 , 455 
30 grams benzene 

50 „ aluminium chloride (anhydrous) 

35 acetyl chloride. 

The various reactions, known as the Friedel-C rafts reactions, 
are effected by means of anhydrous aluminium chloride. The 
aluminium chloride, being \ery hygroscopic cannot be kept long, 
cv^n in a stoppered bottle, without undergoing gradual decomposi- 
tion. As the success of the reaction depends entirely on the 
quality of the chloride, it should be either freshly procured from a 
reliable firm or resublimed from a retort m a c urrent of dry hydrogen 
chlonde (see p. 362). It may also be prepared on a small scale by 
passing diy hydrochloric acid o\ct heated aluminium foil or filings, 
but the operation is troublesome and scarcely repays the time 
spent. Attach a round flask (500 c.c ) to an upright condenser, 
and bnng into it the aluminium chlonde, which should be well 
powdered, and immediately cover it wuth the benzene. Place the 
flask in ice-water, and add the acetyl chlonde drop by drop from a 
tap-funnel, which is pushed into the top of the condenser.* A 
vigorous effervescence occurs, and hydrochloric acid is evolved. 
The contents of the flask are con\erted into a brown, viscid mass, 
which, after standing an hour, is stirred up and shaken into a 
beaker containing ice and water (250 c.c.). The mass decom- 
poses with evolution of heat, and a dark oil separates on the 
surface. The liquid is poured into a separatmg-funnel and a 
little benzene added. The aqueous portion is drawn off, and 
the benzene layer shaken up with dilute caustic soda and then 

Cohen's p. o. c. s 



PRACTICAL ORGAKIC CHEMISTRY 


«5S 

with water. The benzene solution is finally separated, dehydrated 
over calcium chloride, filtered, and distilled. The benzene first 
passes over. The thermometer then rises quickly to 195®. The 
receiver is now changed, the water run out of the condenser, and 
the distillate, which boils at 195 — 200®, collected separately. It 
foims a pale yellow oil with a characteristic sweet smell, and 
solidifies completely on standing. Yield, 20 — 25 grams. 

C.Hg + CHjCOCI == CeHj CO CH, + HCl. 

Properties. — Colourless plates; m.p. 20®; b.p. 202®; insoluble 
in water. 

Reactions. — i. Aeetophenoneoxime. — Mix together 5 grams of 
hydroxylamine hydrochloride dissolved in 10 c.c. of water, 8 grams 
of acetophenone, and 3 grams of caustic soda dissolved in a very 
little water. Add spirit until, on warming, the solution becomes 
clear, and boil it on the water-bath two to three hours. Pour 
into 100 c.c. water, and extract with ether. Distil off the ether 
and crystallise the solid residue from petroleum spirit. Yield, 
8 grams ; m.p. 58~-6o®. CeHg.CO.CHo -f NIl.OH.HCl + NaOH= 
Cen5C(NOH).CH3+ NaCl -f zH^O. 

2. Aoetophenonesemlearbazone. — Mix i gram of semicarbazide 
hydrochloride with 1*5 grams of crystallised sodium acetate, and 
dissolve in the smallest quantity of warm water. Add i gram 
of acetophenone and sufficient spirit to produce a clear solution 
when hot. Continue to heat for a few minutes. On cooling, 
the semicarbazone deposits as a colourless, crystalline mass, 

CeH5.CO.CH3 -f NH2.NH.CO.NH3.HCI+ NaC 2 H 302 = 
CeH5C(N.NH.CONIl2).CH3 + NaCl + CyieOg. 

Theoretical yield; m.p, 195 — 196®. 

3. Beckmann’s Reaetlon. — Dissolve i gram of acetophenone- 
oxime in 30 c.c. anhydrous ether, and add gradually 1*5 grams of 
powdered phosphorus pentachloride. Distil off the ether, and 

A little water to the residue. On cooling, crystals of acetanilide 
Recrystallise from water, and determine"* the melting 

t. ‘jp^,.C(NOH).CH, + PCI, = C,H,.C(Na).CH, + POQ, + HCl. 

». C,H,C(NC1)CH, + H,0 = C,H,KH.CO.CH, + HCl. 
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4. Benxoylaeetoiie {Claisen^s Reaction )* — Six grams of dry, 
powdered sodium ethoxide are added to 20 grams of dry ethyl 
acetate, and cooled in water. The sodium ethoxide is prepared 
by dissolving 4 grams of sodium in 40 c.c. absolute alcohol, and 
distilling off the excess of alcohol, first from the water-bath, and 
then from the metal-bath, in a current of dry hydrogen, the tem- 
perature of the bath being raised gradually to 200°, until nothing 
more passes over. The white cake is detached, rapidly powdered, 
and the requisite quantity quickly weighed out and added to the 
ethyl acetate. After standing a quarter of an hour, 10 grams 
of acetophenone are added, when sodium benzoyl acetone begins 
to separate. A little ether is added, and, after standing for a 
few hours, the sodium compound is filtered and washed with 
ether. The sodium compound is then dried in the air, dissolved 
in cold water, and acidified with acetic acid. Benzoylacetone 
separates. Yield, 9—10 grams; m.p. 60 — 61°. 

It behaves towards ferric chloride and copper acetate like 
ethyl acetoacetate (see Reactions, p. 100). 


yONa 

1. CHa.C:^ OC,Hs + CH, CO.C^U^ - Cli, C(ONa) CH.CO.CeH, 

+ 2C,H,0H 

2. CH3.C(ONa):CH COC^Hs 4- == CH3 CO.CHg.CO.C.Hg 

-f- iNaCjUsOji. 

See Appendix j p. 447. 


Preparation 136. 

a-Phenylethylamine, 

Kipping, Hunter, Trans Ckem. Soc , 1903, 83 , 1147* 

25 grams acetophenoneoxime (see above) (in 50 c.c. absolute 
alcohol). 

25 grams sodium freshly cut into small pieces and kept under 
benzene or in a well-stoppered bottle. 

The alcoholic solution of acetophenoneoxime is placed in a round 
flask with a double-neck adapter (Fig. 83), the upright neck being 
closed by a cork and the other neck attached to a reflux condenser. 
The flask is heated on the water-bath until the liquid boils, when 
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the sodium is added piecemeal* The reaction is vigorous at first, 
but soon becomes sluggish when a further 50 c.c. of alcohol are 
added. The liquid is again boiled and the sodium added as before. 
The process of adding fresh alcohol and sodium is repeated until 
about 250 c.c. of alcohol and 25 grams of sodium have been intro- 
duced. The end of the reaction is determined by withdrawing 

I c.c., diluting with i c.c. of water, 
adding i c.c. of cone, hydrochloric 
acid, boiling for a minute and 
adding a few drops to a hot Feh- 
ling’^i solution. If no reduction 
occurs, the oxime is completely 
reduced. The contents of the 
flask are now poured into a basin, 
cooled in ice and neutralised with 
cone, hydrochloric acid. Common 
salt separates and is filtered, the 
salt in the funnel being washed 
with 25 c.c. of equal volumes of 
cone, hydrochloric acid and water 
and the filtrate added to the 
first portion. The filtrate, which 
contains the hydrochloride of the base, is evaporated nearly to 
dryness on the water-bath and cooled. The residue is then shaken 
for a short time with excess of concentrated caustic soda solutkm 
which precipitates sodium chloride and causes the base to separate 
on the surface. The liquid is filtered and the salt washed with 
ether which is added to the filtrate, the latter being extracted 
with ether. The ether extract is dehydrated with anhydrous 
sodium sulphate and filtered. Dry carbon dioxide is passed into 
the ether solution when the carbamate of the base is precipitated. 
If the mixture ^becomes too thick, a further quantity of ether 
must be added or the ether filtered and carbon dioxide passed into 
the filtrate. The yield is 15 grams; m.p. 101—102°. 

C^H^.C.CH, -f 4Na + 4 ^ 2 ^! fiH - C«H«.CH.CH, ^ ^C^H^ONa -f H,0 

iloH 

C,H,CH.CH, 



2C,H,CH(KH,)CH, + CO, = 


PHENYLMETHYL^iB-HYBROXYPROPIONIC ESTER 261 


Preparation 137. 

Phenylmethyl-^-hydroxypropionlc Ester, 
^^y«>C(OH)CHis.COOC2H5. 

Keformatzky, Ber., 1887, 20 , 1210; Lindenbaum, Ber., 1917, 50 , 
1270. 

12 grams acetophenone 
20 „ bromoacetic ester 

8 j, zinc filings or ribbon 

75 r.c. benzene (dry). 


The above are mixed together in a 500 c.c. round flask fitted 
to a reflux condenser and heated on the water-bath until the 
reaction sets in. The flask is raised from the bath until the reaction 
slackens and is then heated for three-quarters of an hour. The 
liquid becomes brownish in colour. The liquid is decanted from the 
small quantity of zinc left undissolved, cooled and an equal volume 
of dilute sulphuric acid added. The liquid becomes slightly warm 
and the soli^ matter which first separates redissolves after shaking 
in a separating funnel; the upper benzene layer is removed de- 
hydrated over calcium chloride and distilled first from the water- 
bath to remove the benzene and finally under reduced pressure* 
It distils at 135 — 136° at 10 mm. The yield is about 16 grams. 


CH 

C«H 


»>CO + Zn + BrCH^,COOC,H^ = 


CH.,- 


>C<,Y 


OZnBr 


^CH,>c<OZn& + H,SO. = »;>C(On).CH,.COOC,H, ^ 

ZnSO* -1- HBr. 

Properties , — Colourless liquid ; soluble in most organic solvents. 
See Appendix, p. 450. 


Preparation 138. 
Diphenylmethane, QHs.CHo.CgHg. 
Cohen, Hirst, Trans. Chem. Soc., 1897, 67 , 826. 

60 grams benzene 
30 ,, benzyl chloride 

I gram aluminium-mercury couple. 
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The benzene is placed in a flask attached to an upright con- 
denser.’*' The aluminium-mercury couple is then added. It is 
prepared by pouring a saturated solution of mercuric chloride 
on to aluminium foil, which is cut into strips» or formed into rolls. 
After about a minute, the surface of the aluminium is coated with 
a film of metallic mercury, lire solution is poured off, the foil 
well washed with water, then with alcohol, and finally with a 
little benzene. This must be done quickly and the pieces of couple 
dropped into the benzene. The benzyl chloride is added slowly 
from a tap-funnel inserted through the top of the condenser. A 
brisk effervescence occurs, accompanied by a considerable rise of 
temperature, and fumes of hydrochloric acid are evolved. When, 
in the course of an hour, the benzyl chloride has been added, the 
flask is heated on the water-bath for ten to fifteen minutes. The 
contents of the flask are now shaken up with water containing a 
little caustic soda, and the benzene solution is separated in a tap- 
funnel. The aqueous portion is again extracted with benzene, 
and the whole of the benzene solution is dehydrated over calcium 
chloride. The benzene is then distilled off, and when the thermo- 
meter reaches ioo° the distillation is continued in vacuo. At 
8o mm. diphenylmethane boils at 1 74 — 1 76°. This fraction solidifies 
completely on cooling, and is pure diphenylmethane; m.p. 25 — 26®. 
Yield, 14 grams. 

CeH^CH.Cl -f CeH, == CeH.CH.C.H^ + HCl. 

Properties , — Colourless needles; m.p. 26 — 27®; b.p. 262®, On 
boiling with potassium dichromate and sulphuric acid it is oxidised 
to benzophenone, CgHgCHgCJTg Og = CgII5.ro.CgH5 + HjjO. 
See Appendix, p. 450. 


Preparation 139. 

Triphenylmethana, CH(CgH5)3. 

Firiedel, Crafts, Compt. rend., 1877, 1450; E. and O. Fischer, Annalen, 
1878, 107 , 252; Biltz, Ber., 1S93, 26 , igti. 

200 grams (230 c.c.) benzene 
40 ,, (26 c.c.) chloroform 

30 „ aluminium chloride. 
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The benzene and chloroform are mixed together and dehydrated 
over calcium chloride overnight before use. The liquid is then 
decanted into a retort connected with an upright condenser,’*' and 
the powdered aluminium chloride (see p. 361) added in portions 
of about 5 grams at a time at intervals of five minutes and well 
shaken. On the addition of the chloride the reaction sets in 
spontaneously, and the liquid begins to boil with evolution of 
hydrochloric acid. The aluminium chloride gradually dissolves, 
forming a dark-brown liquid. The reaction is completed by boiling 
for half an hour on the sand-bath. When cold, the contents of 
the retort are poured into an equal volume of cold water, which 
decomposes the aluminium compound with evolution of heat, and 
the free hydrocarbon dissolves in the excess of ben^lene with a 
reddish-brown colour. The upper layer of benzene is separated 
from the aqueous portion, and the former dehydrated over calcium 
chloride. The excess of benzene is distilled off on the water-bath, 
and the dark-coloured residue fractionated up to 200®. It is then 
distilled in vacuo from a retort without condenser. At first an oil 
distils, which consists of impure diphenylmethane. When most of 
the diphenyl compound has passed over, the distillation suddenly 
slackens. The receiver is now changed, and the retort more 
strongly heated. An orange-coloured oil passes over, which 
crystallises in the receiver. The distillation is continued until the 
distillate no longer solidifies on cooling. A black, resinous mass 
remains in the retort. The crude triphenylmethane in the receiver 
is recrystallised from hot benzene, with which it forms a crystalline 
compound of the formula CjyHjg.CJlQ. This is again crystallised. 
By heating the substance on the water-bath it loses benzene, and 
the hydrocarbon is finally crystallised from hot alcohol. Yield, 
25— grams. 

CHCl, + sCeHe == CH(C,H,), + 3HCI. 

Properties , — Colourless plates ; m.p. 92® ; b.p. 360®. 

Reactions , — Synthesis o! Pararosaniline — Dissolve a gram of the 
hydrocarbon in about 5 c.c. cold fuming nitric acid, pour into 
water, filter, wash, dry on porous plate, and dissolve in 5 c.c^ 
glacial acetic acid. Add a gram of zinc dust on the point of a 
knife gradually, and shake up. The colour changes to brown, and the 
leuco-base of pararosaniline is formed. It is diluted with water and 
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precipitated by ammonia. It is then filtered and dried. On gently 
warming the dry precipitate with a few drops of concentrated 
hydrochloric acid in a porcelain basin and then diluting with 
water^ a magenta coloration is produced from the formation of 
patarosaniline hydrochloride (E. and 0 . Fischer). See Appendix^ 
p. 450. 


Preparation 140. 

Triphenylmethyl Chloride^ (CeH5)3CCl. 

Friedel, Crafts, Annales de Chem,, 1884, (6), i, 502. Gomberg, 
1900, 83 , 3144; /. Amer, Chem, Soc,, 1900, 22 , 754. 

100 grams (113 c.r.) benzene 
35 (22 c.c.) carbon tetrachloride 

24 „ aluminium chloride (anhydrous). 

The benzene and carbon tetrachloride are mixed together, 
dehydrated over calcium chloride and filtered into a 250 c.c. round 
flask to which a reflux condenser is attached. The mixture is 
then heated to boiling over wire-gauze^ and after removing the 
flame, 24 grams of aluminium chloride (freshly sublimed and 
powdered) are added in small portions, so that the heat of the 
reaction keeps the mixture boiling. The product is heated on the 
water-bath for an hour, cooled somewhat and poured on to crushed 
ice in a thin stream and stirred. Tl\e benzene layer is separated 
and shaken twice with 20 per cent, hydrochloric acid (2 cone* 
HCl : iUgO) and finally with cone, hydrochloric acid. Tlie benzene 
solution is dehydrated over calcium chloride and the solvent 
distilled off on the water-bath. The residue is poured into a 
basin, cooled and stirred whilst it crystallises. The crystals are 
filtered and washed with a little ether. A further quantity can be 
obtained by concentrating the mother-liquor. The product is 
purified by crystallisation from benzene. It is washed with benzene 
and ether and dried. Yield, 24 grams. 

3 CeH, -f CCI, (C^HjaCCl + 

Praperties, — Colourless crystals, m.p. 105 — no®; decomposed at 
once by hot water into triphenylcarbinol and hydrogen chloride. 

Reaction, — ^Dissolve about a gram of the substance in a test- 
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tube half filled with benzene and shake with a little zinc dust for 
two to three minutes. The yellow solution is filtered into a wide 
test-tube and shaken again until it becomes colourless. The 
explanation is that the chloride is converted by the zinc into 
triphenylmethyl, which dissolves with a yellow colour in 

the solvent. On exposure to air it takes up oxygen and is converted 
into the colourless peroxide^ See Appendix, 

p. 451. 


Preparation 141. 


Triphenylcarbinoi, (€6^15)30,011. 

Ullmann and Munzhuber, Ber , 1903, 86, 404. 

80 grams bromobenzene 
9*6 „ magnesium ribbon or turnings 

140 cx. ether (completely dehydrated over sodium) 
30 grams ethyl benzoate. 


The Grignard reagent is first prepared by adding the magnesium 
to the bromobenzene dissolved in 140 c.c. of dry ether, the reaction 
being started by adding a minute crystal of iodine (see p. 253), 
When the magnesium is dissolved, the liquid is cooled m ice and a 
mixture of 30 grams of ethyl benzoate in an equal volume of dry 
ether dropped in. After it has been added, the mixture is boiled 
with reflux condenser for an hour and shaken occasionally. It is 
then cooled and crushed ice added, followed by dilute sulphuric 
acid until it has an acid reaction. ^ The ether is removed and the 
residue distilled in steam, which removes the bromobenzene and 
diphenyl formed in the reaction. The cooled resinous mass is 
filtered, dried and crystallised from benzene. Yield, 35 grams. 


C.H.Br + Mg = 

j ,0 /Br .OMgBr .Br 

'K.h. ' <c.„. + ”<00, 

yOMgBr /Br 


Properius , — Colourless needles; m.p. 159®; b.p. 360^ without 
decomposition. See Appendix, p. 452. 
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PKEPARA|tON 142. 

Benaldelijrde Onen (MaUwhite Green) 

(Tettamethyldiaminotriphenylmethyl chloride) , 
/C,H, 

C^C,H4.N(CHa), • 
^CeH4:N(CH3)tCl 

O. Fischer, Annaien, 1883, 217 , 250* 262. 


50 grams dimethylaniline 

20 „ benzaldehyde 

40 „ zinc chloride (fused and powdered). 

A mixture of the above is heated on the water-bath in a porcelain 
basin until the smell of benzaldehyde has disappeared (four hours). 
The viscous mass is melted in boiling water, transferred to a round 
flask (li litres) and distilled in steam until no more dimethylaniline 
passes over. On oooiing, the base adheres to the flask and is 
washed by decantation. It is recrystallised from absolute alcohol 
and is colourless. The yield is nearly theoretic;al. This is the 
leuco-base, and is formed according to the following equation : 

C.H.CHO + 2C,H,N(CH.), = + H.O. 

It is converted into the colouring matter by oxidation. T® grams 
of the base are dissolved by slightly warming with ditochydro^ 
chloric acid containing exactly 27 grams of hydrogeii.'« chloride 
(made by diluting cone, hydrochloric acid with twice its volume of 
water and then determining the specific gravity or titrating wilh 
standard caliktic soda). The liquid is diluted with 800 e#c* 
and 10 grams of a 40 per cent, acetic acid solution are added, 
mixture is cooled with a few lumps of ice, and a tl^ pas|^| 4 i 
freshly precipitated lead peroxide containing exacri^ 7*5i&ams 
PbOg (estimated by drying a small weighed sample on water- 
bath or precipitating the calculated weight of 
bleaching solution) is added in the course of fiye witl^ 

frequent shi||fcg^ The product is left five the^f a 

solution of lo^iipins sodium sulphate in $6 cA water is In 
aifd the solution fllteped from lead sulphate. To the a 
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solution of 8 grains zinc chloride in a little water is added, and 
then a saturated solution of common salt until no more of the dye 
is thrown down. It is filtered, and recrystallised by dissolving in 
water and adding salt solution. Yield, 80 per cent, of the theory 
of zinc salt. 


X,H*N(CH,), 

\C«H,N(CH3), 


-f O + HCl « C^C.H.N(CHJ, -f H, 0 . 
\c,H,:K(CH8)P 


See Appendix^ p. 452. 


Preparation 143. 

TetrametlqrldiaminoiUphenyl Methane, 

Cohn, Chem^^Zig,, 1900, 564; Mohlau, Hemze, Bet,, 1902, 85 , 359. 

52 grams dimethylaniline 

18 „ formaldehyde 40 per cent. 

60 „ (52 c.c.) cone, hydrochloric acid. 

The dimethylaniline and hydrochloric acid are mixed in a round 
fiask and' when cold the formaldehyde is added. The mixture is 
now healed on the water-bath with reflux condenser for six hours. 
Tlie solution is made alkaline with a solution of caustic soda (about 
a§ grams of NaOH) and the unchanged dimethylaniline removed 
by steam distillation. The oily residue, on cooling, changes to a 
yellow, crystalline mass, which is filtered and crystallised from 
solution in 3 to 4 times its weight of hot alcohol. It forms colour- 
less, glistening plates. Yield, 38 grams. A few more grams can 
b^nbf^ined by concentrating the mother-liquors : 

’'CH.O + 2C.H.N(CH,). = + H, 0 . 

PfOperties : — Lustrous plates; m.p. 90 — 91°; distils without de- 
composition, gives a blue colour with acetic acid and lead peroxide ; 
it forms with picric acid a picrate, m.p. 178®. 
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Preparation 144. 

TetrwnethyWlOTlnotoMhydrol, 

Michler, Dupertius, Ber., iS/6, 9 , 1900; Nathaason, Mtiller, B«r., 

1869, 29 , 18^9^ 

25*4 <;rams tetramethyldiaminodiphenylmethane. 

20 ,, (^9‘5 cone, hydrochloric acid. 

24 „ lead peroxide. 

The base is dissolved in the cone, hydrochloric acid and poured 
into a mixture of 500 c.c . of water, 500 grams of ice and 30 c.c. of 
glacial acetic acid and stirred with a mechanical stirrer. When 
the temperature reaches a stream of 24 grams of lead peroxide 
mixed into a thin paste with water (freshly prepared by adding a 
hot filtered solution of bleaching powder to the calculated quantity 
of lead acetate in solution and washing away excess of the former) 
is added. The liquid at once becomes dark blue. After stirring 
for twenty minutes the lead chloride which has dissolved is 
precipitated by the addition of an aqueous solution of 32—33 
grams of sodium sulphate. The lead sulphate is filtered through 
a large fluted filter. The blue filtrate is neutralised with sodium 
hydroxide solution in the cold when the benzhydrol separates in 
greyish-blue flakes. It is filtered and dried on a porous plate. 
Yield, 15 — 18 grams. The crude product melts at 90^^ and can be 
used in the next preparation. To purify the benzhydrol it is 
crystallised from ligroin. 

4- PbCla -f H,0. 

Properties , — Colourless crystals; m.p. 96*^; soluble in alcohol, 
glacial acetic acid, benzene or ether. 

Preparation 145. 

/CeH^NCCH,), 

Crystal Violet, €^C^H4N(CH3)2 
XH*:N(CH 3 ),CI 

i 6*2 grams tetramethyldiaminobenzhydrol 
9 „ dimethylaniline 

40 c.c, glacial acetic add. 



hexamethyltriaminobenzene 
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Hexamethyltriaminolienzeiie 

(Leuco-base of crystal violet). 

The three substances are mixed together, when a violet-blue 
solution results* The mixture is then heated on the water-bath and 
40 c.c. of water are gradually introduced. After about a half-hour 
another 40 c.c. of water are added and the mixture is heated again 
for two hours. Jit the end of this time the leuco-base (hexamethyl- 
triaminotriphenyimethane) separates in large plates which are 
slightly discoloured ]>y a little crystal violet formed by oxidation. 
It is separated by filtration, washed with water and dried on a 
porous plate. Yield, 12 — 15 grams. The crude product melts at 
170 — 172° and can be converted into crystal violet without further 
purification. A little may be recrystallised from a mixture of 
benzene and ligroin. 

XeH,N(CH3), 

CH(OH)<; + =- CH( CeH.NfCHa)^ + H*0. 

\:«h,n(ch3), \c,h,^{ch,). 

Properties, — Colourless, lustrous plates ; m.p, 173'^. 

Crystal Violet 


10 grams Icuco-base of crystal violet 
50 c.c, hydrochloric acid (10 per cent.) 

6 c.c. glacial acetic acid 

12 grams lead pieroxide (made into a thin paste 
as described above). 

The leuco-base is oxidised as follows : The substance is dissolved 
in the acid and diluted with i litre of water. The glacial acetic 
acid is then added and the mixture cooled to 0° and stirred. A 
thin paste of the lead peroxide (freshly prepared) is slowly added, 
when a bluish-violet solution is obtained. The lead is precipitated 
by the addition of a solution of sodium sulphate and after warming 
the liquid the lead sulphate is filtered through a fluted filter. The 
filtrate is then stirred, with the addition of a quantity of common 
salt, when the colouring matter separates in the cold in needles 
having a green, metallic lustre. Yield, 8 — 9 grams. 


HqCeH^NCCHJJ, -f I>bO, + 2HCI 


.[C,H,N(CH3)Ja 

Or 

V;,H4:N(CH,),a 


+ PbCl, + H,0, 


See Appendix, p. 453. 
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Mphthaim^f QoHg 

Naphthalene is obtained from the middle oil in the distillation 
of coal-tar. It crystallises in colourless, glistening plates, which 
have a characteristic smell. 

Properties. — ^M.p. So® ; b.p. 218® ; sp. gr. 1*145 It sublimes 

readily, and can be distilled in steam. It is soluble in most of the 
common organic solvents. 

Reaction . — Make strong solutions of about equivalent quantities 
of naphthalene and picric acid in acetic acid, or alcohol, and pour 
them together. On cooling, yellow, needle-shaped crystals of 
naphthalene picrate separate : CjoHg + CgHg(N02^0H ; m.p. 149®, 


Preparation 146. 

PhthaHc Acid, ^ I 

Friedliinder, Tkeerfarbenfabnkation, vol. jv, p. 164, 

15 grams naphthalene 
120 c.c. cone, sulphuric acid 
7*5 grams mercuric sulphate. 

The mixture of naphthalene, sulphuric acid, and mercuric sulphate 
is placed in a retort (300 c.c.). The retort is clamped with the neck 
sloping upwards, and heated gently over wire-gauze with occasional 
shaking until the liquid surface layer of naphthalene dissolves.* 
The retort is now placed in the ordinary position, with the neck 
sloping down, to which a condenser tube is attached by means of 
a roll of asbestos paper, or a lute of plaster of Paris. The end of 
the condenser tube is provided with a receiver containing water 
(100 c.c.), and cooled in cold water. 

The retort is nbw heated (at first cautiously and then strongly) 
over the bare flame, and the contents are distilled. The liquid rapidly 
darkens in colour. At about 250® oxidation begins, with evolution 
of sulphur dioxide, which becomes very vigorous as the temperature 
of the liquid rises to the boiling-point. A little naphthalene first 
distib, and after a time crystals of phthalic anhydride appear in 
, th4 oondenser tube, whilst phthalic acid collects in the receiver. 




PHTHALIMIDE 


The dis^tillatbn is continued until the residue becomes viscid or 
even dry. The contents of the receiver, when cold, are filtered 
and washed, and then dissolved in caustic soda. Any undissolved 
naphthalene is removed by filtration, and the acid reprecipitated by 
hydrochloric acid. The acid may be recrystallised from water 
or dilute alcohol. Yield, about 7 grams. 

CjoHg -f 9H8SO4 = C4H4(COOH)g + 2COa + 9SO4 + loH^O. 


Properttes.—CrystaMises in plates with no definite melting- 
point, as the acid passes into the anhydride on heating. Soluble 
in alcohol and in hot water, slightly soluble in cold water. 

Reactions . — Sublime a little of the acid in a test-tube or in a 
clock glass covered with a filter paper and funnel. Phthalic 
anhydride sublimes in long needles, m.p. 128°. 


C,H4{C00H)4 


XO 

= c,H 4<; >0 -f 

\co 


H, 0 . 


Heat about 0*25 gram of the anhydride with 0*5 gram of resorcinol 
in a test-tube over a small flame for a few minutes, so that the 
temperature remains at about 200®. Cool, dissolve in dilute 
caustic soda solution, and pour into water. A green fluorescence 
is produced, due to the formation of fluorescein (p. 218), See 
Appendix, p. 453. 


Preparation 147, 


PhthaUmide, 




■CO 

>NH. 

CO 


Method I. 

Laurent, Annales de Chemte, 1836, 19 , 47: Herzog, Zett. angew. Chem^ 
1919, 32 , 301. 

30 grams phthalic anhydride 
7 » urea. 

The mixture is heated in a large round flask on a sand-bath 
to 130 — 135° (thermometer in the mixture). The reaction soon 
begins, the mass froths upland the temperature rises spontaneously 
to 160°. When the reaction is over, a spongy solid is obtained, 
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which is washed out of the flask with a little water on to a porcelain 
funnel The crude product melts at 230° and is sufficiently pure 
for the next preparation. Yield, 25 grams. 

yCO XO 

2C*H4<^^>0 -f CO(NHj)j = 2C,H4<^^>NH 4- CO* -f H*0. 

Method II. 

30 grams phthalic anhydride 
30 ,, ammonium carbonate. 

The finely ground mixture of phthalic anhydride and ammonium 
carbonate is placed in a 250 c.c. round flask furnished with a wide 
air condenser. It is heated over wire-gauze with occasional stirring 
or shaking, and finally over the bare flame until the mass fuses 
quietly. The process requires about one and a half hours. The 
air condenser should be cleared occasionally from the condensed 
sublimate. The contents of the flask, whilst hot, are poured out 
into a small porcelain basin, allowed to cool and broken up. The 
product is sufficiently pure without crystallisation. The yield is 
25 grams. 

XO yCO 

2C , n / >0 + {nh4)*co 3 = 2CeH4<; >nh + 2H3O co*. 

\co ^co 

The operation requires more time than ]\fethod I ; but the 
ammonium carbonate is more readily available. 

Properties , — ^Colourless leaflets which melt at 233° and sublime. 

/CO 

It forms salts with metals of the general formula C6ll4<^ >NM'. 

^CO 


Preparation 148. 

Anthranilic Acid* 2 

Fritsche, Annakn, 1841, 89, 83; Hoogewerf and v. Dorp, Pec, irav, 
chim. Pays, Bas, 1891, 10, 6* 

29^6 grams phthalimide 

40 „ sodium hydroxide (in 200 cx. water) 

32 (io*6 ex.) bromine. 
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The sodium hydroxide solution is cooled to — 5® in a freezing 
mixture and the bromine gradually introduced with stirring. The 
phthalimide, mixed into a thick paste with water^ is now added. 
The freezing mixture is removed, and when the solution reaches 
room temperature, 24 grams of powdered sodium hydroxide are 
stirred in and the mixture is warmed to 80° and filtered. On 
cooling, no c.c. cone, hydrochloric acid are poured in until the 
liquid is neutral, and the anthranilic acid is precipitated by the 
addition of 30 c.c. of glacial acetic acid. It is filtered, washed 
with water and dried in a desiccator. Yield, 25 grams ; m. p. 137°. 
It is crystallised from hot w^ater with the addition of a little animal 
charcoal. From the mother-liquor a further quantity can be 
obtained by adding cupric acetate, which precipitates the copper 
salt. The latter is separated by filtration and hydrogen sulphide 
passed through the substance suspended in water. 

XO /CONHBr 

C^H/ >Nn + Big -{- H/) = CeH/ 4. HBr. 

^CO \COOH 

C.H-<COOh“'' + + NaBr + 2H,0. 

C6^»<CcQONa 2 NaOH= + NajCO,. 

Properties , — Crystallises in plates, m. p, 143 — 144®; very slightly 
soluble in water. 

Uramidobenzoic Acid and Benzohydantoin. — Dissolve 2 grams of 
anthranilic acid hydrochloride (prepared by dissolving anthranilic 
acid in an equal weight of cone, hydrochloric acid diluted with an 
equal volume of water and cooling) in 25 c.c. of water and add i gram 
of potassium cyanate in 5 c.c. of w'ater. On standing for a short 
time a thick paste of the uramido-compound separates in fine 
crystals; m. p. 152®. The yield is 1*5 grams. 

^ . Qn^«>.nh. ^ KC,. 

The I ‘5 grams of the uramido-compound are heated on the water, 
bath for half an hour with 4 c.c. of cone, hydrochloric acid. The 
uramido-compound first passes into solution and the hydantoin 
then separates in colourless needles, which can be crystallised from 
Cohen’s p. o. c. t 
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much boiling water and do not melt at 300®, but sublime without 
decomposition. 

NH 

/'NNH.CO.NHj /'Y'Nco , „ o 
I^^'COOH “ I^IInh + 

Uramidobenzoic acid. Beozobydantoin. 


Preparation 149. 

Phenylglycine o^Carboxylic Aeid^ CH2 COOH 2 

Heumann, Ber., 1890,28, 3431 ; Mauthner and Suida, Monaish., 1889, 

9, 728. 

13*6 grams anthranilic acid 
n*4 „ chloracetic acid 

17 ,, sodium carbonate (anhydrous) in 100 c.c. 

water. 

The mixture is heated on the water-bath for three hours, cooled 
and acidified with hydrochloric acid, A light-brown precipitate 
is obtained, which is filtered next day. It melts at 185® and is 
impure. After reciy^stallisation from water, the m.p. rises to about 
209®. Yield, about 10 grams. A few more grams of the acid can 
be obtained by adding an excess of cone, hydrochloric acid to the 
filtrate from the crude product. 

+ ClCHj.COOH + Na,CO, 

= + Naa + CO.+ H, 0 . 

Properties , — Crystallises in colourless hexagonal plates ; m.p. 200®. 


Preparation 150. 

Indigo, 

Heumann, Ber,, 1890, 2 B, 343r* 

10 grams phenylglycine oKsarboxylic acid 
30 „ sodium hydroxide 

10 cx. water. 
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The mixture is heated to 210° in a nickel basin and well stirred 
with a thermometer, protected by glass tubing (see Prep. 92, 
p. 206). The mass fuses and the colour gradually deepens to 
orange-red. Whilst still hot the melt is dissolved in 200 cx. of 
water. The solution oxidises when shaken up in contact with air, 
forming a precipitate of indigo blue. The process is more rapidly 
effected by acidifying with hydrochloric acid and oxidising with 
ferric chloride solution until no further precipitate of indigo is 
formed. It is filtered, washed with water and dried. Yield, 
37 grams. 


r w ^COOH 
^«^*<-NH.CH2.C00H 


= -f CO2. 


2C,H,<^^>CU, + o. 


+ 2H,0. 


Preparation 151. 

ro 

Isatin from Indigo, ('6W4<^^>CO. 

Erdmann, /. prakL Chem., 1841, 24 , li; Knop, Jakresb,, 1865, 
580. 

100 grams indigo (in fine powder) 

50 cx. cone, nitric acid diluted with 10 c.c. water. 

Mix up the indigo into a paste with 300 c.c. of boiling water 
in a large basin. Heat to boiling and remove the flame. Then 
add the nitric acid to the hot liquid from a tap-funnel at the rate 
of a drop or two a second, so that it is all added in the course 
of twenty minutes, and stir well all the time. The mass, which 
is at first pasty, froths up, and towards the end becomes thinner. 
Boil up for about tw'o minutes, as soon as the acid has all been 
added, and then pour out about half the liquid into a second 
large basin and add a litre of boiling water to each. Boil up 
for five minutes, and decant from the floating lumps of tarry 
matter through a large fluted filter paper previously moistened 
with water. Add another litre of hot water to each basin, boil up, 
and filter. Evaporate the combined red-coloured filtrates to 
about li litres, and filter again, if necessary, from a further deposit 
of tar. On cooling, a quantity of red crystals discoloured with 
tar will separate. Filter and concentrate the filtrate.^ Redissolve 
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the crystals in the smallest quantity of boiling water^ and let the 
liquid cool somewhat, so that some of the tarry matter may separate ; 
filter and evaporate the filtrate until crystals of isatin nearly cover 
the surface; then cool and filter off the red, crystalline deposit. A 
further quantity of crystals may be obtained by evaporating the 
mother-liquors, which must be frequently filtered from tarry 
deposit. The crystals obtained in this way may be purified by dis- 
solving them in caustic potash solution and adding concentrated 
hydrochloric acid to the clear liquid so long as a black precipitate is 
formed. The liquid is then filtered and the purified isatin com- 
pletely thrown down in the filtrate with more acid. The substance 
is then filtered and recrystallised from water. Yield, about 
10 grams, 

^2 ” 2CgH5N02. 

Properties , — Red monoclinic prisms; m.p. 201^^; soluble in hot 
w^ater and alcohol. 

Reaction , — Dissolve a few crystals in concentrated sulphuric 
acid in the cold and shake up with a little coal-tar benzene. A 
blue colour due to thiophene is produced. Sec Appendix, p. 454. 


Preparation 152. 

Cl I 

o-Chlorobenzoic Acid» Cgn4<;^Q ^ 

Graebe, Annalen, 1893, 276 , 54. 

13*7 grams anthranilic acid 

30 c.c. cone, hydrochloric acid (in 75 c.c. water) 

7 grams sodium nitrite (in 25 c.c. water). 

The anthranilic acid is dissolved in the hydrochloric' acid and 
diazotised in the usual w'ay with the solution of sodium nitrite 
(see p. 187). The diazo-solution is slowly added with shaking to 
an ice-cold solution of cuprous chloride, made by boiling 7 grams 
of cupric chloride (or the equivalent of carbonate) in 50 c.c. of 
cone, hydrochloric acid diluted with 15 c.c. of water with the 
addition of 4 — 5 grams of copper. The reaction proceeds rapidly 
with frothing, produced by the evolution of nitrogen. The mixture 
£ left four to five hours at the ordinary temperature, when the 
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chlorobenzoic acid is filtered and washed with a little water, 
yield, about 15 grams; m.p. 133 — 135®. To purify it, it is dis- 
solved in hot water containing a little alcohol, animal charcoal 
added and boiled. It is filtered hot, when the acid crystallises in 
colourless needles, m.p. 137 — 138°. Yield, 13 — 14 grams. 






C,H,< 


Cl 

COOH* 


Preparation 153. 
Phenylanthranilic Acid, i 


NIL 
COOIf 


Gracbe and Lagodzinski, Bey., 1892, 25, 1734 ; Uilmann, 1903, 
38, 2382, 1907, 355, 322. 


10 grams d?-chlorobenzoic acid 
10 „ potassium carbonate 

40 c.c. aniline 
0*1 ,, precipitated copper. 


The above mixture is boiled in a round flask fitted with a short 
upright air condenser at such a rate that a little w^atcr may escape 
from the top of the condenser. The mixture gradually darkens 
and the reaction is complete in about three hours. The unchanged 
aniline is removed by steam distillation and the residue filtered 
hot. The latter is boiled with animal charcoal and again filtered. 
On adding cone, hydrochloric acid to the hot filtrate a nearly 
colourless precipitate of phenylanthranilic acid is thrown down. 
This is filtered when cold, washed with cold water and dried. 
The yield is 13 grams; m.p. 180 — 183°. It may be purified by 
recrystallisation from acetic acid and alcohol, and forms rhombic 
plates, m.p. 183 — 184®. 

+ HCl. 
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Preparation 154. 


Acrldone, 


NH 


CO 


/ 


Graebe and Lagodzinski, Ber., 1892, 26 , 1737; Aftfialeti, 1893, 276 , 35. 

5 grams phenylanthranilic acid 
35 c.c. cone, sulphuric acid. 

The phenylanthranilic acid and sulphuric acid are heated together 
on the water-bath for three hours. A yellowish-green, fluorescent 
solution is obtained, which is cooled in ice, and 40 c.c. of ice water 
are added slowly with vigorous shaking and cooling. The yellow 
precipitate of acridone is thrown down and filtered. It is then 
warmed in a basin with 300 c.c. of 2J per cent, sodium carbonate 
solution to dissolve any unchanged phenylanthranilic acid and 
again filtered. It is washed with water and dried on a porous 
plate. Yield, 4 grams. It crystallises from glacial acetic acid in 
yellow needles. 

>C.«4 + 

Aeridine. — ^To convert acridone into acridine it is well mixed with 
12 to 15 grams of zinc dust and introduced into a thick-walled 
glass tube sealed at one end and bent at a right angle. The mixture 
is covered with 10 grams more of zinc dust and the tube clamped 
so that the open arm bends downwards into a beaker placed below, 
whilst the closed portion containing the mixture lies horizontally. 
The zinc layer is now heated and then the mixture. Tlie acridine 
formed on reduction sublimes towards the open end of the tube. 
The sublimate, which has a slightly pink colour, is dissolved in 
hydrochloric acfd, filtered if necessary and the acridine precipitated 
by the addition of alkali. It is filtered and crystallised from dilute 
methyl alcohol with the addition of a little animal charcoal. It 
forms light-yellow needles, m.p. no®, which dissolve in alcohol 
with a blue fluorescence. 

/NHv 
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Acridine emits an irritating vapour which strongly attacks the eyes, 
a fact to which it owes its name. See ApfendiXy p. 455. 


Preparation 155. 

fi-Kaplithalenesulphoiiate of Sodium, CioH^SOaNa. 

Merz, Weith, her., 1870, 3 , 196, 

50 grams naphthalene 

60 „ cone, sulphuric acid. 

The mixture is heated in a round flask (250 c.c.) in the metal- 
bath to 160 — 170° for four or five hours. The liquid is then poured 
into a basin of water (i litre), which is heated up and neutralised 
with chalk or slaked lime in the form of a thick cream. The hot 
liquid is filtered through cloth, squeezed out, and washed with 
hot water. The filtrate is evaporated on a ring-burner until a 
sample crystallises on cooling. The crystalline mass of the calcium 
salt of naphthalene sulphonic acid is filtered and well pressed. It 
is redissolved in hot water, and a solution of sodium carbonate 
added, until the calcium is just precipitated. The liquid is again 
filtered through cloth, or at the pump, washed and well pressed. 
The filtrate is evaporated to crystallisation as before. The sodium 
naphthalene sulphonate is separated by filtration, and dried in a 
basin on the water-bath. The mother-liquor, on evaporation, 
yields a further quantity of the salt. Yield, about 60 grams. 

X. -h H.SO 4 - C,,H,SOaH -f H,0. 

2. 2CioH«S 03H -f CaO -f H3O. 

3 * -f- Na2C03 = zCj^IIySOgNa -f* CaCOg. 

Properties , — Foliated crystals ; soluble in water. See Appendix, 

455 - 

Naphthalene from Sodium p-Naphthalene Sulphonate.— ]\iix 
together 10 grams of the sodium salt and 30 grams of syrupy 
phosphoric acid in a half-litre round flask and distil in superheated 
steam. The steam is superheated by passing it from the boiler 
through a spiral copper tube heated to redness by a Bunsen burner 
as shown in Fig. 84* 
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The spiral tube is attached by stout corks or folds of asbestos 
paper to the glass tube from the boiler on the one hand, and to 
the inlet tube to the distilling flask on the other, and the corks 
or asbestos are wired on. The temperature of the mixture in the 


Metal tube 



distilling flask is maintained at a temperature of about iqo — 200°. 
The naphthalene begins to pass over with the steam when the 
temperature reaches 180®. When no more naphthalene distils, the 
distillate is filtered and the naphthalene crystallised from alcohol. 
The yield is 4*5 grams (82 per cent.). 

CioH-SOgNa + HjjO = + NaHSO^. 

(Armstrong and MiUer, Trans them. Soc , 1884, 45 , 148.) 


Preparation 156. 

(^-Naphthol, CioH^.OH, 

'EW^^Annalen, iSfeg, 162 , 275 ; E. Fischer, z. D, org, Praparate, 

30 grams p-naphthalene sulphonate of sodium 
90 „ caustic soda 

3 c.c. water. 

The caustic soda and water are heated in a nickel or silver crucible, 
and stirred with a thermometer, protected as described under the 
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preparation of phenol (p. 206), When the temperature reaches 
280®, the powdered naphthalene sulphonate is added a little at a 
time. When all has been added^ the temperature is raised. At 
about 300® the mass froths up and becomes light yellow in colour, 
which indicates the commencement of the reaction. The tem- 
perature is maintained at 310 — 320® for a few minutes, and the end 
of the process is indicated by the yellow mass becoming thinner 
and also darker in colour, and separating into two layers. The 
stirring is now stopped and the flame withdrawn. The product, 
when cold, is dissolved in a little water, and acidified with a mixture 
of equal volumes of concentrated hydrochloric acid and water.* 

The naphthol is filtered off when cold, and is recrystallised from 
water. Yield, 15 grams. 

Ci^H^SO^Na + NaOH = Cj^^H^ONa -f NaHSOg. 

Properties , — Colourless leaflets; m.p. 122®; b.p. 286®. 

Reactions, — i. Add to a solution of the naphthol in water a few 
drops of ferric chloride. A green coloration is produced, and after 
a time a flocculent precipitate of dinaphthol, C20H14O2. 

2. Heat on the water-bath 0*8 gram of (B-naphthol with 0*6 gram 
of phenyl isocyanate for a few minutes. The mixture forms a 
crystalline mass of the phenylurethane of naphthol. 

CioH.OH + CeHgNrCO = CeHgNH.COOCjoH,. 

Recrystallised from alcohol, colourless flat prisms separate; m.p. 
158®. 

See also Reaction 6, p. 184. 

p-Naphthyl methyl ether. — Dissolve 3*6 grams p-naphthol in 
12*5 c.c. 10 per cent, caustic soda solution, add 3 c.c. methyl 
sulphate, warm the liquid gently and shake vigorously. In a 
short time the naphthyl methyl ether separates as a solid mass. 
The product is heated for ten minutes on the water-bath, a little 
water is added, and the naphthyl ether filtered and washed with 
water. It is crystallised from alcohol and deposits in lustrous 
plates; m.p. 70 — 72®. The yield is theoretical. It may be used 
for analysis by Zeisel’s method. 

ZeiseRs Method. — ^The method consists in estimating methoxyl 
or ethoxyl groups by decomposing the substance with strong 
hydriodic acid and eliminating the alkyl group as alkyl iodide. 
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The alkyl iodide is passed through an alcoholic solution of silver 
nitrate, which decomposes the alkyl iodide, and the silver iodide 
is weighed. 

R.OCH, + HI = R.OH -f- CH.I. 

The apparatus devised by Sir W. H. Perkin, is shown in Fig. 85 
{Proc. Chem, Soc,j 1903, 19 , 1370). 

It consists of a distilling flask (100 cx.) with a long neck; the 
distance between the bulb and side tube is about 20 cms. (8 ins.). 
It is provided with an inlet tube which terminates above the surface 



Fig. 85. 

of the liquid, and is attached at the other end with a carbon dioxide 
Kipp and wash-bottle containing silver nitrate solution to remove 
traces of hydrochloric acid or hydrogen sulphide. The side-tube 
of the distilling flask is attached to two small 100 c.c. Erlenmeyer 
flasks, provided with double-bored rubber corks. The first bent 
tube, which is attached to the side-tube of the distilling flask, is 
cut ofl below the cork, the second terminates just above the surface 
of the liquid in the first flask and dips below the liquid in the second. 
The third or outlet tube is bent at right angles and is cut off below 
Ihe cork. 

The distilling flask is heated in a basin containing glycerol. The 
Erlenmeyer fl^sk is charged witli 20 cx. alcoholic silver nitrate. 
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and the second with 15 c.c. of the same solution, which is prepared 
by dissolving 2 grams of fused silver nitrate in 5 c.c. water and 
adding 45 c.c. absolute alcohol. An accurately weighed quantity 
(o‘3--o' 6 gram) of substance is introduced in a small weighing 
tube into the distilling flask and 15 c.c. of strong hydriodic acid 
(acid of sp. gr. 17 for ZeiseFs estimations can be purchased). When 
the apparatus has been carefully fixed together, the glycerol bath 
is heated to 130 — 140° and a slow current of carbon dioxide (two 
hubbies a second) is passed through the apparatus. The tem- 
perature of the glycerol bath is slowly raised until the hydriodic 
acid begins to boil gently. A white deposit (a compound of silver 
iodide and nitrate) begins to form on the surface of the first flask 
and gradually settles to the bottom, but usually only a trace appears 
in the second vessel. The operation is generally completed in 
one hour; but before stopping the process it is advisable to test 
the vapour passing through by removing the flasks and attaching 
the small bent U-tube (shown in the Fig. and containing a little 
alcoholic silver nitrate solution) to the end of the side tube. If in 
the course of ten minutes no turbidity appears, the operation may 
be considered at an end, otherwise it is necessary to connect up 
the flask and continue the heating for another twenty minutes. 

About 50 c.c, of water are heated to boiling in a beaker (2506,0.) 
and the contents of both flasks gradually added and well washed 
out with hot water. The white precipitate changes to the yellow 
iodide and the alcohol is driven off. 

When the top liquid is no longer opalescent but clear, the pre- 
cipitate is collected in a Gooch crucible and dried and weighed as 
described on p. 28. 

For volatile substances like anisole this method cannot be 
employed. 

Example. — 0*3150 gram naphthyl ether gave 0*468 gram Agl : 


31 X o’468 X 100 
235 X 0-3150 


= 19-6 per cent. 


Calculated for CjoH^OCHj; CHgO^ 19*6 per cent. 

^-Naphthyl Acetate. — Boil gently 5 grams (E-naphthol and 10 
grams acetic anhydride for a quarter of an hour with air condenser 
and pour the product into water. Crystallise from dilute alcohol ; 
m.p. 70°. 
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A* G. Perkin’s Acetyl method {Proc. Chem, Soc.^ i9^4; 20, 171). 
The method consists in hydrolysing the acetyl derivative in presence 
of alcohol and distilling off the ethyl acetate and then estimating 
the quantity by hydrolysis. 

R.O.COCH3 + CjHgOH R.OH -f CH3.COOC3H,. 

The apparatus is shown in Fig. 86. ^ It consists of a small dis- 
tilling flask (200 c,c.)with bent side-tube, which is fitted to a long 
condenser. A tap-funnel is inserted into the neck and the flask 
is heated over wire-gauze. About 0*5 gram of naphthyl acetate 
is accurately weighed out of a small sample tube by difference and 
any dust adhering to the neck of the flask washed down with 
5 C.C. pure cone, sulphuric acid and 30 c.c. pure alcohol, which are 



slowly run in with shaking. A small fragment of porous pot is 
also added. Twenty c.c. half-normal alcoholic potash (see p. 256) 
are introduced into the round flask (200 c.c.) which serves as 
receiver and 20 c.c. pure alcohol are poured into the tap-funnel. 
The liquid in the flask is slowly distilled whilst the alcohol is 
delivered drop by drop from the tap-funnel at about the same rate 
as the liquid distils. The distillation is continued until about 
half the bulk of^ liquid originally present in the flask remains. 
This residue should be quite colourless. The receiver is now 
attached to a reflux condenser and boiled on the water-bath for 
h^lf-an-hour and finally titrated with half-normal sulphuric acid, 
using phenolphthalein as indicator. 

The method does not give good results with acetamido-compounds 
li]^ acetanilide, etc. 
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Example,- 
N/2 KOH. 


1*663 gram naphthyl acetate required 


7»5 X o»o43 X 100 
2 X 0-633 


23-6 per cent. 


7*5 C.C. 


Calculated for C1QH7.O.COCII3; C2H30= 23*1 per cent. 


Tschugaell’s Hydroxyl Method. — ^This method rests upon the 
action of hydroxyl compounds on magnesium methyl iodide by 
which methane is evolved. 

R.OH + = R.Mgl + CH,. 

The apparatus is an ordinary Lunge nitrometer filled with 
mercury, which together with the attached Erlenmeyer flask is 
kept at constant temperature by a flow of water through an outer 
jacket. The three-way cock is connected with the Erlenmeyer 
flask (150 c.c.) by stout rubber tubing. A stock solution of mag- 
nesium methyl iodide is first prepared by mixing together in a 
flask connected with a reflux condenser 100 grams amyl ether 
distilled over sodium, 9*6 grams clean magnesium ribbon and 
35*5 grams dry methyl iodide and a lew iodine crystals. After 
the first reaction is over the mixture is heated for i — 2 hours 
on the water-bath with condenser to expel unchanged methyl 
iodide, and preserved in a vaselined stoppered vessel. About 
0*1 — 0*15 gram p-naphthol is accurately weighed in a tube which 
is of such a length that it rests against the side of the nitrometer 
flask. About 10 c.c. of the reagent are poured into the flask; the 
tube containing the substance, which is dissolved in a little amyl 
ether, is slipped in ; the flask is attached to the side-tube of the 
nitrometer and is then cut off from the nitrometer tube by turning 
the tap. A little moisture and oxygen in the flask are absorbed 
by the reagent and the pressure falls. After standing for a quarter 
of an hour the nitrometer tube is nearly filled up with mercury, 
the tap is withdrawn for a moment to readjust pressure and the 
tube then completely filled with mercury. The tap is now turned 
so as to establish communication between the flask and nitrometer 
tube and the mercury reservoir lowered. The tube containing the 
solution of the naphthol is inverted and shaken. Evolution of 
methane rapidly occurs and in a short time the volume remains 
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constant. The volume, temperature and pressure are read off 
and the percentage of hydroxyl calculated. 

Example, — o*i2o gram p-naphthol gave 20 c.c. methane at 
N.T.P. 

22400 X 0*120 

Calculated for CjqH^OH : OH = ii*8 per cent. 

(Tschugaeff, Ber., 1902, 35 , 3912; Hibbert and Sudborough, Proc, 
Chem. Soc., 1903, 19 , 285; Zerewitinoff, Ber,, 1907, 40 , 2023.) 


Prfparation 157. 

OK 

Naphthol Yellow, 

Friedlander, Tkeerfarhenfabrikaiion, I, 322, II, 215; Cain and 
Thorpe, The Synthetic Dyestuffs, p. 226. 

20 grams a-naphthol. 

80 „ (45 c.c.) cone, sulphuric acid. 

40 „ (30 c.c.) cone, nitric acid (sp. gr. i'4). 

The mixture of a>naphthol and sulphuric acid is heated for 
two hours to 120° and then dissolved in 120 c.c. water. The solu- 
tion is cooled to 20® and stirred mechanically whilst the nitric 
acid is run in drop by drop. As the temperature should not rise 
above 40° it wilj be found necessary at the beginning to cool the 
vessel in a freezing mixture. After the nitric acid has been added 
the stirring is continued for another half hour and the product 
is then left overnight. The naphthol yellow crystallises out and 
is filtered and washed with small quantities of a cold, saturated 
solution of salt. The precipitate is then dissolved in a large basin 
of hot water and potassium carbonate solution added until the 
liquid gives an alkaline reaction. On cooling, the potassium 
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salt separates in small orange needles, and is filtered andjdried 
on a porous plate. Yield, 20 — 25 grams. 

CioHyOH + 3H.SO* = CieH4(OH)(SO,H),. 

Ci^H*(OH)(SO,H), -h 2HNO, == CioH4(OH)(NO,),SOaH + 2HJSO4. 

2CioH4(OH)(NOa)jjS03H -f KjCOj == 2Ci-H4(0H)(N03)3S03K 

+ CO3 + HjO. 

See Appendix, p. 456. 

Anthracene. 

Anthracene, C34H10 (avOpa^, coal) occurs with its isomer, phenan- 
threne, and a variety of other compounds in the last portion of the 
distillate from coal-tar, known as anthracene oil. The dark- 
coloured liquid deposits on standing a brown, crystalline mass. 
It is filtered and washed with naphtha and the purified, yellow 
crystalline product containing about 50 per cent, of anthracene 
is used commercially for the manufacture of alizarin. 

Properties , — Pure anthracene crystallises in colourless plates 
with a lustrous surface and blue fluorescence. It melts at 213® 
and boils at 351® and forms a compound with picric acid, 
Ci4HioC'«H,OH(NO,)3, which crystallises in bright red needles. 

Reaction , — Dissolve picric acid and anthracene separately in 
about equal molecular proportions in glacial acetic acid and mix 
the hot solutions. Red crystals soon deposit and melt at 138®, 

Preparation 158. 

» ro 

Anthraquinone, C8H4 <^q>C6H4 

Graebe, Liebermann, Annalen, Spl.^ 1869, 7 , 284. 

10 grams anthracene (pure) 

120 c.c. glacial acetic acid 

20 grams chromium trioxide dissolved in 15 c.c. water, 
and then 75 c.c. glacial acetic acid added. 

The anthracene is dissolved in the acetic acid by boiling them 
together in a round flask (J litre) with upright condenser over 
wire-gauze. The solution of chromium trioxide is then dropped in 
from a|i»tap-funnel pushed into the top end of the condenser whilst 
the liquid is kept boiling. The operation should last about an 
hovtXp The solution becomes a deep green. It is allowed to cool 
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and poured into wata* (500 c.c.), which precipitates the anthra- 
quinone in the form of a brown powder. After standing an hour, 
it is filtered through a large fluted filter, washed with a little hot 
water, then with warm dilute caustic soda and water again. Yield, 
10 — 12 grams. 

SuhUmatioii. — A portion of the dry substance may be purified by 
sublimation. It is placed (2 — 3 grams) on a large watch-glass, 
which is heated on the sand-bath over a very small flame. The 
watch-glass is covered with a sheet of filter paper, which is kept 
flat by a funnel placed above. After five minutes or so pale 
yellow, needle-shaped crystals of anthraquinone will have sub- 
limed on to the filter paper. 


/CIL 


/CCX 


+ 2 Cr 03 + 6CJH3O3 = C.H + H^O 


Properties . — Yellow needles: m.p. 277*^; sublimes at 250°; 
b.p. 382*^; insoluble in water, soluble in acetic acid, less soluble 
in benzene and other organic solvents. 

Reaction . — Add a little dilute caustic soda to a small quantity 
of anthraquinone, and then a little zinc dust. On heating to 
boiling, an intense red coloration is produced, which disappears 


on shaking. 


Sodium oxanthranolato, 


CJI 


.CO 


«‘^CH(ONa) 


is formed, which oxidises in the air to anthraquinone. See 
Appendix j p. 456^ 


Preparation 159. 

Anthraquinone ^-monosulpM^te of Sodium, 

CeH 4 <^g>CeH 3 .S 03 Na + H^O. 

Graebe, Liebernthnn, Annalen, 1871, 160 , 131 ; A. G. Perkin, Private 
communication. 

30 grams anthraquinone. 

30 „ fuming sulphuric acid (40 per cent. SO^).^ 

^ As fuming sulphuric acid is difficult to keep in an ordintor stop^ 
pered bottle without absorbum moisture, it is advisable to Sat the 
stopper with a layer of pora&i wa», and a substantial covering of 
plaster of Paris above this. 
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The 40 per cent, fuming sulphuric acid is removed from the 
bottle by cautiously melting it in a sand-bath^ and it is then 
weighed out in a flask (i litre). The anthraquinone is added^ 
and the flask attached by a cork to an air-condenser. The 
mixture is heated in a paraffin or metal-bath to 150 — 160° for 
eight hours. The dark -coloured mass is poured whilst hot into a 
large basin containing about a litre of cold water, and boiled for 
an hour. The unattacked anthraquinone^ which does not dissolve, 
is removed by filtration at the pump. The precipitate is then 
replaced in the basin and boiled up again with about J litre of 
water, filtered and finally washed once or twice with boiling water. 
The combined filtrate and washings, whic'h have a deep brown 
colour, are evaporated with the addition of 0*2 gram of potassium 
chlorate until about \ litre of liquid remains. It is now nearly 
neutralised with sodium carbonate solution (about 120 grams 
soda crystals) but not completely, as the sodium salt of the mono- 
sulphonic acid is less soluble in presence of acid. It is therefore 
convenient to pour out half a test-tube of the acid liquid, and 
proceed to neutralise the remainder. The small quantity of acid 
liquid is then replaced. The liquid is evaporated on the water- 
bath until a scum covers the surface, and it is then left to cool. 
The sodium salt of the sulphonic acid crystallises in pale yellow, 
silky crystals, and is separated at the pump. After being cashed 
three or four times with a very little slightly acid water, it is dried 
on a porous plate. Yield, 20—25 grams. A further quantity of 
the salt may be obtained by evaporating the mother-liquor, but 
it is liable to contain sodium sulphate. 

CT^H^O, -f H2SO4 = Ci4H,02.S03H -f HgO. 

Properties . — The sodium salt of the sulphonic acid crystallises, 
when pure, in colourless leaflets, slightly soluble in cold water, 
insoluble in alcohol. 


Preparation 160. 

Mzarin, “ 

Graebe, Liebermann, Amalen, SpL, 1869, 300; Perkin, Engl. 
Patent, 1869, No. 1948; A. G. Perkin, Private coxnmumcation. 
Cohen’s p. o. c. ^ 
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20 grams anthraquinone monosulphonate of sodium 
90 ,, caustic soda 

5 y, potassium chlorate. 

The caustic soda is dissolved in about half its weight of water, 
and is added hot to the anthraquinone sulphonate of sodium, 
previously mixed into a paste with the potassium chlorate dis- 
solved in about 50 c.c. of water. The mixture, which forms a 
stiff paste, is transferred at once to a small metal pressure tube 
of steel or phosphor-bronze of the shape and dimensions shown 
in Fig. 87. The mixture fills it about two-thirds full. A sheet 

of asbestos cardboard is in- 
serted between the body and 
the top of the vessel, and the 
metal top is then screwed 
firmly on. The pressure 

tube is heated for three 
hours in a paraffin or oil- 
bath, so that the thermo- 
meter inserted into the inner 
tube, which contains a little 
paraffin, registers 190-— 200®. 
The dark violet-coloured 

mass, after cooling, is scraped out and digested with boiling water 
for an hour. Milk of lime is added until the violet calcium alizarate 
is all precipitated. This can be ascertained in a small filtered 
sample by adding a little milk of lime, when no violet precipitate 
should be formed. The precipitate is filtered at the pump and 
washed with boiling water until the filtrate is no longer red. The 
red filtrate contains a little monohydroxyanthraquinone, which 
may be precipitated by hydrochloric acid. The calcium alizarate 
on the filter is suspended in a large quantity of hot water, and 

decomposed by ^adding hydrochloric acid. Tlie alizarin, which 

separates as an orange, flocculent precipitate, is filtered cold^ 
washed about eight times with cold water, and finally dried and 
crystallised from alcohol or preferably cumene. Yield, 10 — 15 
grams. 

3 r.^^HyO,SO»Na + O^aOH -f 2 KCIO, =. 3Ci*H«0,(ONa)* + 

3NajtS04 -f 2l{Cl -f 6H^0. 


9 SCM 



4 

ScM 

Thickness of raotal i cm. 


Fig. 87. 
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Propertits,-r^tm%t needles; m.p. 289 — 290®; sublimes com- 
pletely at 140° without decomposition ; soluble in alkalis with a 
deep purple colour (sodium alizarate). It is reduced to anthracene 
on heating with dry zinc dust. 

Reaction . a small quantity of solution of alizarin in caustic 
soda, and pour into a beaker containing a strong solution of alum. 
The insoluble aluminium alizarate is precipitated as a red lake. 
See Appendix j p. 457. 


Preparation 161. 

CH3 

I 

— c — cnci 

1 I 

CH3.C.CH3 1 

I I 

— cii — riij 

Ullmann, Ofg. chem. Pvakt.^ p. 230. 

300 grams turpentine oil. 

The turpentine oil mixed with 2 — 3 grams of clean sodium is 
distilled with a long fractionating column and a fraction collected 
at 154 — 160® which consists almost entirely of a-pinene.^ About 
200 grams of the purified pinene are placed in a wide-mouthed 
flask or bottle provided with a rubber stopper carrying (1) an inlet 
tube reaching almost to the bottom of the vessel, (2) an outlet 
tube connected wdth a calcium chloride tube, (3) a stirrer with 
mercury seal and (4) a thermometer. The liquid is cooled in ice 
and salt to 5° and stirred, whilst dry hydrogen chloride, dried 
through two wash-bottles containing cone, sulphuric acid and 
one empty bottle, is passed into the oil. The gas is rapidly absorbed 
and the temperature, which rises, must be maintained below 15'^. 
When no more gas is absorbed the mixture is cooled below o® 
and filtered. The solid which separates is collected on a porous 
plate and left in a desiccator. The filtrate is again saturated 
with the gas, when a further quantity of solid is obtained. The 

^ The sodium remaining in the flask must be dissolved in spirit before 
being poured away. 


Bornyl Chloride (Pinene Hydrochloride), 

H 
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two portions of the crude bomyl chloride, amounting to about 
125 grams, are dissolved in about 80 ex. of alcohol by warming 
on the water-bath and then cooled to — 5° and stirred. Colourless 
crystals of pure bomyl chloride are thus obtained, m.p. 119 — 120®, 
Yield, 95 — 100 grams. 

See Appendix y p, 458. 

CioHje + HCT 

Preparation 162. 

Camphene from Bomyl Chloride, CioHjg 

Reychler, Her., 1896, 696; tJUmann, Org. chem. Pvakt., p. 232. 

50 grams pinene hydrochloride 

95 » phenol 

38 ,, potassium hydroxide. 

The phenol is melted in a 250 c.c. distilling flask and 38 grams of 
potassium hydroxide are added, the mixture being shaken and 
gently warmed until complete solution is obtained, a little water 
being added if necessary. The flask, fitted with a themiometcr, 
is now' connected with a condenser in the ordinary way and care- 
fully heated on wire-gauze in order to remove water formed in 
the reaction. A small amount of phenol also distils. When the 
temperature reaches 150°. the water is run out of the condenser 
jacket and the distillation ('ontinued until the thermometer 
indicates 180"^. that is, the boiling-point of the phenol. The residue, 
w'hich consists of potassium phenate, is cooled somewhat and the 
flask attached to a reflux air condenser, the side-tube Ixdng plugged. 
Fifty grams of pinene hydrochloride are now added in three portions 
(the reaction being allowed to subside before the next addition) 
and the whole is carefully heated and kept boiling for three hours. 
It is then distilled, using air-condenser and the distillate collected 
up to 180®. Camphene distils first at 150 — 160® and later phenol 
passes over, the distillation being stopped when the distillate 
dissolves completely in dilute sodium hydroxide. The distillate is 
shaken with dilute sodium hydroxide to remove phenol and cooled 
in ice, when the camphene solidifies. It is filtered through cloth, 
washed with water and the solid placed in a small flask. A little 
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oil that separates from the filtrate is also collected and mixed with 
the solid camphene. The camphene is melted on the water-bath, 
shaken with a few pieces of calcium chloride and left overnight. 
It is then melted and decanted into a small distilling flask and 
distilled with a short fractionating column and air condenser. 
The liquid distilling at 155 — 158° is nearly pure camphene apd 
solidifies in the receiver. The yield is 25 — 30 grams. 

C,oHicHCl + KO.C.H, == -f KCl + CeH.OH. 

Properties . — Colourless crystalline mass; m.p. 51 — 52°; b.p. 160*^. 
See Appendix j p. 458. 


Preparation 163. 

Isobornyl Acetate, C10H17O.COCII3. 

Bertram, Wallbaum, J. fur prakt. Chem.^ 1894, [^J» 49 , i ; Pllmann, 
Org. chem. Prakt., p. 233. 

24 grams camphene 

63 c.c. glacial acetic acid. 

The camphene and glacial acetic acid together with i c.(‘. cone, 
sulphuric acid and i c.c. water are heated together in a flask in 
a water-bath for three hours at 50 — 60*^ (thennometcr in the 
mixture). The mixture, which must be frequently shaken, separates 
into two layers ^\hich, after heating, disappear. The red-coloured 
liquid is poured into a large beaker and the flask rinsed out with 
50 c.c. of water, which is poured into the same beaker. The 
contents of the beaker are now neutralised with powdered sodium 
carbonate, the ester layer is separated, dried over calcium chloride 
and fractionated in vaeuo. The portion boiling at 95 — rio° at 
15 mm. is collected. Yield, 26 — 28 grams. 

Properties. — Colourless liquid; b.p. 106 — 107*^ at 15 mm. 

Preparation 164. 

Isoborneol, CioHn-OH. 

Bertram, Walbaum, J. fur prakt. Chem», 1894, [2] 49 , i. 

36 grams isobornyl acetate 

10 ,, potassium hydroxide (in 50 c.c. absolute alcohol). 
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The isobornyl acetate is hydrolysed by boiling on the water-bath 
with the alcoholic potash solution. After heating for three hours 
the mixture is poured into about 500 c.c. of cold water. The 
isoborneol crystallises^ is filtered, washed with water and dried 
on a porous plate. It melts at 200 — 202*^ and is pure enough for 
conversion into camphor. Yield, 19 grams. 

CioHj.O.COCHj + KOH = f CjHaO.K. 

Properties , — Isoborneol may be purified by crystallisation from 
petroleum ether. It forms colourless, hexagonal crystals; m.p. 
212®. 

See Appendix j p. 458. 


Preparation 165. 


HX- 


Camphor, 


HX- 


nia 

-(' CO 

CH3.C.CH3 

— cii — cn. 


Bertram, \\ 'albaum, /. fur prakt, Chem,, 1894, [2], 49 , 10. ; Ullmann, 
Org. chem, Prakt., p. 235. 


19 grams isoborneol 
28 c.c. cone, nitric acid (sp. gr. 1*42) 
5*3 c.c. fuming nitric acid (sp. gr. v$). 


The two nitric acids are mixed together in a 200 c.c. flask and 
cooled to 20°. The isoborneol is then slowly added with constant 
shaking, whilst the temperature is kept below 20° by cooling. 
After all the isoborneol has been added, the mixture is stirred 
for half an hour and poured on to crushed ice, when the camphor 
separates in lumps. The crude product, which is contaminated 
witih( oxides of nitrogen, is filtered, washed with ice water and 
tran^^^ed to a j-litre round distilling flask. To this is added a 
dilute tolution containing 2 grams of sodium hydroxide and 3 grains 
of i^^btassium permanganate and the mixture distilled in steam. 
IRps prevent the condenser being blocked by solid camphor, the 
i is run from the outer jacket and the receiver well cooled 
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in running water. The camphor solidifies as it distils. It is 
filtered, washed with water and dried on a porous plate. It melts 
at 172 — 173®. Yield, 10 grams. 

CioH„OH 4- O =. CjoHi, + ha 

Properties , — Camphor crystallises in colourless, hexagonal prisms 
with a characteristic smell; it melts at 178 — 179° and sublimes 
on heating. It boils at 209®. The synthetic product is racemic 
and differs in this respect from Japan (dextro) and Matricaria 
(Isevo) camphor, which have a specific rotation of 44*2° in alcohol 
solution. Camphor forms an oxime, m.p. 119*^, a semicarbazone, 
m.p. 238°, and a bromophenylhydrazone, m.p. loi®. 

See Appendix, p. 458. 


Preparation 166. 


CH, 


Camphor Sulphonic Acid, 


HgC C CO 

i 

CH3.C.C113 

HgC CII CH.SO3H 


Reychler, Bull. Soc. chim., 1898, (3), 19 , 120. 


30 grams camphor 

20 „ cone, sulphuric acid 

40 „ acetic anhydride. 

The sulphuric acid and acetic anhydride are carefully mixed 
and cooled in ice and the camphor is gradually added to the cold 
mixture and well shaken after each addition. The camphor dis- 
solves, forming a pale yellow solution, which on being set aside for 
three to four days deposits crystals of camphor sulphonic acid. 
It is filtered at the pump through a layer of glass wool or asbestos, 
washed with ether and purified by crystallisation from ethyl 
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acetate. It forms colourless prisms, m.p. 190 — 193®* The 3rield 
is about 10 grams. 

/CO /CO 

Praperties , — The camphor sulphonic acid is easily soluble in 
water and alcohol. In aqueous solution its specific rotation is 
[«]d= + 21°. 


Preparation 167. 

CHg 

I 

H2C V CiNOIi 

Camphoroxime, CIIg.C'.CHg 

HgC CTT CIT2 

Auwers, Ber., 1889, 22 , 605. 

20 grams camphor. 

300 (400 c.c.) spirit. 

20 ,, hydroxylamine hydrochloride (in concentrated 

aqueous solution). 

30 ,, caustic soda (in concentrated aqueous solution). 

The camphor is dissolved in the alcohol and the solutions of 
hydroxylamine hydrochloride and caustic soda are added, and the 
mixture is heated on the water-bath with reflux condenser lor about 
an hour until a sample remains clear on the addition of water; 
a turbidity, if produced, is removed on adding a drop or two of 
caustic soda. The whole is now largely diluted with water, filtered 
if necessary and made faintly acid with acetic acid. The camphor- 
oxime separates as a colourless crystalline mass, which may be 
recrystallised from dilute alcohol. The yield is 16 grams, m.p. 119®. 

fee Appendix j p. 459. 
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Preparation 168. 


CH, 


HX C CH.NIL.Ha 


Bornylamine Hydrochloride, 


CH3XCH3 


H.C CH CH, 


Forster, Trans. Chem. Soc., 1898, 73 , 390. 


10 grams camphoroxime 
150 c.c. amyl alcohol^ b.p. 128 — 132° 
10 grams sodium. 


The camphoroxime is dissolved in the amyl alcohol in a round 
flask furnished with reflux condenser and placed over an air-bath. 
The sodium is added in portions of about 4 grams at a time and 
when the action becomes sluggish the mixture is boiled. When 
all the sodium has dissolved, the liquid is cooled to 60® and 100 c.c. 
of water are added. An equal volume (60 c.c.) of cone, hydrochloric 
acid is next added in small quantities and the mixture well shaken 
after each addition. The amyl alcoho] is then removed by steam 
distillation. On cooling the contents of the flask, bornylamine 
hydrochloride crystallises, or, if not, the solution is concentrated 
on the water-bath until crystals appear in the liquid. The product 
consists of two isomers; the neo-bomylamine hydrochloride is 
the more soluble in water, and crystallisation from water will 
remove it. The yield of bornylamine hydrochloride is 7*5 grams. 

r-.NOH /CH.NH„ 

C«H / 1 -f 2H, = 1 + H,0. 

Properties . — ^The crystalline base melts at 159 — 160® and has a 
rotation in alcohol of [a]© — + 45*5'"* "The base dissolves readily 
in organic solvents, but is insoluble in water. The hydrochloride 
crystallises in colourless needles from water or alcohol. It has a 
specific rotation of fa]p = + 227®. 

See Appendix^ 459. 
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Preparation 169. 

CH CH 

Quinoline, 

Skraup, MoneUsh., 1880, 1 . 316; 1881, 2 . 141 ; Konigs, Ber,, 1880, 
18 , git. 

24 grams nitrobenzene 

38 „ aniline 

120 glycerol 

100 „ cone, sulphuric acid. 

A large round flask (ij — 2 litres) is attached to an upright 
condenser. The mixture of nitrobenzene, aniline^ glycerol^ and 
sulphuric acid is poured in and heated on the sand-bath until 
the reaction sets in (ten to fifteen minutes), i.e. until white vapours 
rise from the liquid. The flask is now raised from the sand-bath 
or the burner extinguished, and when the first reaction is over 
the contents are gently boiled for two to three hours. The dark- 
coloured product is diluted with water, and unchanged nitro- 
benzene driven over with steam. The residue is made strongly 
alkaline with caustic soda, and the oily layer (quinoline and aniline) 
distilled off with steam. In order to remove the aniline present, 
the distillate is acidified with sulphuric acid, and sodium nitrite 
added, until a sample of the liquid ceases to gi\'e the aniline reaction 
with sodium hypochlorite. It is then boiled, whereby the aniline 
is converted into phenol. The iquid is again made alkaline with 
caustic soda, and submitted to a third distillation with steam, 
The distillate is extracted with ether, dehydrated over solid caustic 
potash, and, aftei decanting and driving off the ether, the residue 
is distilled. Yield, 40 grams of a pale yellow oil, 

+ O « C,H,N + 4 Ufi. 

Properties , — ^Colourless liquid; b.p. 237°; sp. gr. I’loS at o®; 
insoluble in w^ater ; soluble in alcohol and ether. 

— I. Dissolve a few drops of quinoline in a little 


CH N 
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hydrochloric acid and add platinic chloride. Orange crystals of 
the chloroplatinate are deposited^ (C9H,N)gH2PlCl0+ HgO. 

2. Add to a solution of quinoline in acid^ potassium chromate 
solution; the dichromate, (C9H7N)2H2Cr207, is precipitated, 

3. Add to I cx. of quinoline i c.c. of methyl iodide and warm. 
A reaction sets in, and on cooling, the quaternary ammonium 
iodide, C9H7N.CH3I, crystallises in yellow crystals. 

4. To a few drops of quinoline add a solution of bromine in 
chloroform. A crystalline compound, C^H^N.Br^, is formed. 
See Appendix, p. 459. 


Preparation 170. 


Tetrahydroquinoline. 




■k. 


CH, 
Nil 


Hofmann, Konigs, Ber,, 1883, 16 , 728. 

10 grams quinoline 
300 „ cone, hydrochloric acid 

35 granulated tin. 

The quinoline is dissolved in the hydrochloric acid heated on 
the water-bath and the granulated tin added gradually. After 
heating for an hour the liquid is made alkaline with caustic soda 
and distilled in steam. An almost colourless oil, consisting of 
tetrahydroquinoline and unchanged quinoline distils, and is separated 
from the upper aqueous layer. The aqueous portion is acidified 
with hydrochloric acid, concentrated by evaporation, made alkaline 
and extracted with ether. After removing the ether the residual 
oil is mixed with the main portion, cone, hydrochloric acid added 
in excess and the solution evaporated, when the tetrahydroquinoline 
hydrochloride separates in silky needles. It is pressed on a porous 
plate to remove a small quantity of adhering oil. The hydro- 
chloride is finally crystallised from hot alcohol, and forms colour- 
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less needles having a silky lustre and melting at i8i — ^182®. 
Yield, 7—8 grams. 

C^H^N -f Sn + 4Ha C*H,iN + SnC^. 

The free base is obtained from the hydrochloride as a colourless 
oil by .adding alkali, extracting with ether and removing the ether 
by distillation. See Appendix, p. 459. 


Preparation 171. 

p-Nitroquinoline, 

^ \/\/ 

x\ 

Knueppel, Ber., 1896, 29 , 703. 

28 grams p-nitraniline. 

55 ,, cone, sulphuric acid. 

60 glycerol. 

29 arsenic acid (anhydrous). 

The glycerol is dehydrated by heating in an open dish to 150® and 
tlie arsenic acid by heating to no — 120"^ in the air oven for several 
hours and stirred. The thorough dehydration of the arsenic ac id de- 
termines the yield. The p-nitraniline, glycerol and sulphuric acid are 
mixed and cooled before the addition of the arsenic acid. The 
mixture is then gently heated with reflux on the sand-bath until 
the reaction begins, i.e. until bubbles appear to rise m the liquid. 
The flame is then removed until the initial reaction is over, when 
gentle boiling is continued for two to three hours. The mixture 
is then cooled and diluted with about twice its volume of water 
and allowed to stand for several hours. It is filtered and carefully 
neutralisediWith caustic soda solution, any great rise of temperature 
being avoided, 'flie grey precipitate of p-nitroqu incline is filtered, 
washed with water and dissolved in dilute hydrochloric acid. 
The solution is boiled for several hours w^ith the addition of animal 
charcoal and filtered hot. The cooled filtrate is again neutralised 
with caustic soda, and the precipitated nitroquinoline, which 
should now be paler in colour, filtered, washed and dried. It is 
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then crystallised from hot alcohol with the addition of animal 
charcoal A further quantity may be obtained from the mother- 
liquor. It crystallises in colourless needles^ m.p. 150 — 151'^. 
Yield, 16 — 18 grams. See Appendix, p. 460. 


Preparation 172. 

/p-Aminoquinoline, 1 | 1 

Kmieppel, Ammlen, 1900, 310 , 75. 

7*5 grams />-nitroquinoline 

38 c.c. alcohol (70 per cent, by volume) 

0*6 gram ailcium chloride 
12 grams iron powder. 

The nitroquinoline, alcohol and calcium chloride are heated 
on the w ater-bath in a flask fitted with reflux and a rapidly rotating 
mechanical stirrer. An opening is made for introducing the iron 
pow'der, which should be previously passed through a fine sieve. 
The mixture is kept at a gentle boil whilst the iron powder is added 
in small quantities. The addition of the iron causes a rise of 
temperature, so that little or no heat may be necessary to keep 
the mixture boiling. The liquid becomes brown from the separa- 
tion of ferric oxide. After the addition of the iron (half to three- 
quarters hour) the mixture is boiled and stirred for another half- 
hour and then filtered hot. The residue is washed w'ith a little 
hot 70 per cent, alcohol. The filtrate on standing for several 
hours deposits a little azoquinoline, which is remo\'ed by filtration 
and the filtrate evaporated to dryness. A black oil remains which 
when kept in a vacuum desiccator solidifies. The black material 
is ground up and extracted with ether in a Soxhlet or other 
extraction apparatus. On distilling the ether, the aminoquinoline 
remains in the form of colourless crystals, m.p. 114 — 115®. Yield, 
about 4 grams. See Appendix, p. 460. 
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Preparation 173. 


/;-ToluquinaIdfne, 



Doebner, Miller, Bet., 1883, 16 , 2465. 

32 grams />-toluidine 

35 c.c. cone, hydrochloric acid 

35 grams paraldehyde. 

The />-toluidine is dissolved in the hydrochloric acid in a round 
flask fitted with a reflux condenser. Ihe mixture is warmed gently 
on the water-bath until the reaction begins. If it becomes too 
vigorous^ it must be moderated by cooling the flask in water. It 
is then heated on the v^ater-bath for an hour and the product 
diluted with twice its volume of water. After standing over- 
night, the liquid is filtered into a large flask, caustic soda solution 
added until just alkaline and the mixture distilled in steam. The 
distillate is extracted with chloroform and the latter remo\ ed by 
distillation on the water-bath. A black, viscous mass remains, 
consisting of toluquinaldine and basic impurities. The product is 
dissolved in dilute sulphuric acid, cooled in a freezing mixture, 
sodium nitrite slowly added and the mixture well shaken after 
each addition until it gives a blue stain on potassium iodide-starch 
paper. The nitroso-compounds of the secondary bases arc extracted 
with ether. The aqueous portion is then warmed on the water- 
bath to expel the ether and the heating continued until efferves- 
cence ceases. The liquid is made alkaline, distilled in steam and 
extracted with chloroform. After removing the chloroform, the 
residual oil is distilled with an air condenser. The toluquinaldine 
distils at 255'— ^60® and solidifies in the receiver as a colourless 
mads. Yield, 16 grams. 



See Appendix^ p. 460. 
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Preparation 174. 

CHg 

Benzoyl Piperidine, 

N.COCeHB 

50 grams piperidine 
100 „ pyridine 

90 „ benzoyl chloride. 

The yield of this preparation depends mainly on the purity and 
dryness of the materials used. The pyridine should be distilled 
over caustic soda and the fraction boiling at 115 — 120° further 
dehydrated over phosphorus pentoxide. The benzoyl chloride 
should also be distilled and pure piperidine employed. The 
pyridine and piperidine are mixed and introduced into a 500 c.c., 
wide-necked, round flask, closed by a rubber stopper furnished 
with a sealed stirrer, a dropping funnel and thermometer and also 
a small reflux condenser protected by a calcium chloride tube, 
Tlie flask is cooled in water; the stirrer set in motion and the 
benzoyl chloride added from the dropping funnel at such a rate 
that the temperature is maintained at 27—30®. When the benzoyl 
chloride has been added, the resulting orange-coloured emulsion 
is heated for an hour on the water-bath and poured whilst hot 
into 750 c.c. of ice and water. A 'dark, heavy oil separates, to 
which cone, hydrochloric acid (about 70 c.c.) is added with vigorous 
stirring until the liquid is acid to Congo-red paper. The pyridine 
is thereby converted into the hydrochloride, and the benzoyl 
piperidine can now be extracted with ether. The ether solution 
is washed with water, dried over calcium chloride, the ether 
removed and the residue fractionated tn vactw. Benzoyl piperidine 
forms a colourless syrup which solidifies on standing in prismatic 
crystals, m.p. 48^ 189—191° at 21 mm. Yield, 95 grams 

(86 per cent.). See Appendix^ p. 460. 

C^HjoNH 4- C«H*COCl « C^HjoN-COCeH, + HQ. 
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Preparation 175. 


Pentamethylene Dibromide, Brai^£H^£E^£E^.CE^BT, 

Hamonet, Bull. Soc. chint., 1905 (iii), 33 , 530; v. Braun, Ber., 1904, 
87 , 3210; 1905, 88, 2339; Clarke, Trans. Chem. Soc., 1913, 108 , 1703. 

95 grams benzoyl piperidine 
230 yy phosphorus pentabromide (see p. 364). 

The benzoyl piperidine is placed in a 400 c.c. distilling flask in 
which the phosphorus pentabromide is then weighed. The flask 
is attached to a reflux condenser (the side-tube being temporarily 
stoppered) and heated slowly in an oil-bath to 140° and main- 
tained at this temperature until the contents are completely 
liquefied. At this stage the first reaction is complete (see below). 
The product is now cautiously distilled under reduced pressure, 
when the second reaction takes place, and the distillate accordingly 
consists of a mixture of pentamethylene dibromide, benzonitrile 
and phosphorus oxybromidc. Distillation is stopped when practi- 
cally no more liquid passes o\er and when the excess of phosphorus 
pentabromide begins to sublime in quantity. The phosphorus 
oxybromide is decomposed by adding the mixture gradually to 
300 c.c. of water ^contained in a tall beaker, surrounded by ice 
and vigorously stirred by a mechanical stirrer. The mixture must 
not become overheated, as the dibromidc is volatile in steam. 
The residual mixture of pentamethylene dibromidc and benzo- 
nitrile is dissolved in about 500 c.c. of ligroin and the solution 
w'ashed first with strong sodium carbonate solution and then with 
w’ater. The benzonitrile is removed by shaking repeatedly with 
small quantities of cold cone, sulphuric acid in a separating funnel 
until the acid is only slightly discoloured. The ligroin solution is 
w^ashed with sodium carbonate solution and with winter and 
dehydrated over calcium chloride. The ligroin is distilled, and the 
residue, which is pure pentamethylene dibromide, is distilled in 
vacu^i b.p* 113^ at 23 mm. It forms a heavy, colourless liquid^ 
b.p. 204 — 206*^; sp. gr. 1*702 at 16*5®. The yield is 69 grams 
(60 per cent.). See Appendix, p. 460. 

I. C,H,«N.COC«H, -f PBr^ - C -f VOBr^. 


HgCCHg 

2, H,C^ ^N.CBr,C,H, 


/CH,.CH,Br 
= CH / 

\CHj.CH,Br 


+ C,H,CN. 
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Preparation 176, 


Phenyl Acridine, 


C.H5 

lie C CH 

llcf^A'^/ScE 


IIQ 




HC N CH 


/ c\^ 


cir 


Bernthsen, Annalen, 1884, 224 , 13. 

25 grams benzoic acid 

35 ,, diphenylamine 

85 „ zinc chloride (anhydrous and coarsely powdered). 

The mixture of benzoic acid, diphenylamine and zinc chloride 
is heated in an open, round flask in a metal bath at 260® for ten 
hours. The dark- brown solid mass is dissolved in spirit by wann- 
ing on the water-bath and the solution poured into 100 c.c. of 
cone, ammonia. After standing for a time a litre of water is 
added and the precipitate filtered, washed with water and dried 
on a porous plate. It consists of phenylacridine, a small quantity 
of unchanged diphenylamine and zinc hydroxide. In order to 
separate the phenylacridine, the product is extracted by boiling 
with benzene until nothing but the colourless zinc hydroxide 
remains. The benzene extract is boiled with the addition of 
animal charcoal, filtered and the filtrate concentrated until phenyl- 
acridine crystallises, llie crystals, which form yellow prisms, 
m.p. 182—183°, are filtered and dried. Yield, 16 — 17 grams. 



-f 2 HjO. 


See A[>pendix^ p. 461. 


COHEN’S p. o. c. 


X 
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Preparation 177. 


Benzoflsvine (Acridine yellow) 


N 


Meyer and Gross, Ber., 1899, 82 , 2356. 

9*8 grams w-toluylene diamine hydrochloride 

6'i „ w-toluylene diamine 

5*3 benzaldehyde (freshly distilled). 


The toluylene diamine hydrochloride is prepared by dissolving 
10 grams of the base in 20 c.c. cone, hydrochloric acid, warming 
on the water-bath until dissolved and cooling quickly. The 
hydrochloride is filtered and dried on a porous plate. The above 
quantity of hydrochloride and free base are dissolved in the least 
quantity of hot alcohol and cooled to 60*^, when the benzaldehyde 
is added. The solution changes m colour to red. It is heated 
on the water-bath with reflux for three hours, during which the 
condensation product separates as a light-brown powder. It is 
filtered on cooling, washed with a little spirit and dried. The 
yield is 19 grams. 


CeH, 



Five grams of the product (tetraminoditolylphenylmethane) are 
heated with 25 c.c. of 13 per cent, hydrochloric acid in a sealed 
tube at 160° for seven hours. The product is a solid cake con- 
sisting of red needles. It is washed into a basin with 200 c.c. of 
water and heated until dissolved. To complete the oxidation, 
the liquid is stirred mechanically and 75 c.c. of 20 per cent, feme 
chloride solution gradually added. After standing several hours, it 
is filtered, washed with a little dilute hydrochloric acid and well 
pressed on the filter. It is crystallised by dissolving in glacial 
acetic acid and then adding a little cone, hydrochloric acid (about 
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4 C.C.). On somewjhat with water and cooling the hydro- 

chloride of benzoflavine separates in red crystals. 



Preparation 178. 

Diazobenzolimide, QII5N 


<1 


Phenylmefhyltriazole carboxylic Acid, 

^N.C,H8 

Nj^ \c.CH3 
Nil iC.rOOH 


Dimroth, Her., 1902, 35 , 1029. 


30 grams phenylhydrazine 

45 c.c. cone, hydrochloric acid (in 400 c.c, water) 

24 grams sodium nitrite (in 50 c.c. water). 

The phenylhydrazine and hydrochloric acid are mixed together, 
stirred mechanically and cooled with a few lumps of ice whilst the 
nitrite solution is added, until the test with starch-iodide paper 
shows that an excess is present. The hydrochloride dissolves, 
and diazobenzolimide separates out as an oil. 


C,H4 NH.NHj + HNO, 




+ 2 H, 0 . 


Part of the water is removed by a syphon and the oil is extracted 
with ether 5 after removing the ether, the diazobenzolimide is 
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purified by distillation in steam. It is again extracted and 
separated with ether as before. Yield, about ^5 grants. 

4 grams sodium 
68 c.c. absolute alcohol 
22 grams acetoacetic ester 
20 diazobenzolimide. 

The sodium is dissolved in the alcohol, and to the cold solution 
a mixture of the acetoacetic ester and diazobenzolimide is added, 
and then warmed to boiling with reflux condenser. As soon as 
this occurs, the flask is removed and cooled, if the action becomes 
too violent. After the reaction is over, the mixture is heated for 
an hour on the water-bath wath reflux condenser, when the contents 
of the flask become almost solid. The mass is dissolved in the 
smallest quantity of hot water, and the liquid, if neutral, made 
strongly alkaline and boiled again for an hour. About 350 c.c. 
hot water are added, and sufficient hydrochloric acid to precipitate 
the triazole carboxylic acid. It is Altered and w'ashed with a 
little water, and is then nearly pure; m.p. 155"^. Yield, about 
27 grams. 

N N.CeH, 

coin. + - 

CH, COOCjHj 
See Appendix j p. 461. 


N C.CH3 + 2C2H301I. 
— H, COON a 



PREPARAri6N 

Quinine Sulphate from Cinchona Bark, 

r,eHMN,0,.S04H,4-8H,0. 

Pelletier, Caventou, Ann, Chim. Phys*, 1820, (2), 15 , 291. 

100 grams cinchona bark (ground in a coffee mill) 

20 „ quicklime. 

Slake the quicklime, and mix it into a thin cream with 200 c.c. 
water. Pour the liquid mto a basin containing the powdered 
bark and stir up the mass well. Dry the mixture thoroughly 
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on the water-bath^ taking care to powder up the lumps that 
ball together. When cold place the powder in a flask, pour 
over it '200 cx, chloroform, and let the mixture stand overnight. 
Filter through a porcelain funnel and wash with a further 200 c,c. 
chloroform. The chloroform solution, which has now a faint 
yellow colour, is shaken up well with 50 c.c. and again with 25 c.c. 
dilute sulphuric acid, and then with water until the aqueous solu- 
tion has no longer a blue fluorescence. The combined acid and 
aqueous extracts are carefully neutralised with ammonia and the 
liquid is concentrated on the water-bath until crystals of quinine 
sulphate begin to form on the surface. The liquid is allowed to 
cool and filtered, A further quantity of crystals may be obtained 
from the mother-liquor by evaporation, but the product is not so 
pure. The crystals are purified by recrystallisation from water. 
Yield, I to 2 grams, or more, according to the quality of the bark. 

Properties , — ^The free base, which is precipitated with sodium 
carbonate from a solution of its salts, crystallises with 3H2O. 
The anhydrous base melts at 277*^; soluble in alcohol and ether. 

Reactions , — Use a solution of the hydrochloride prepared by 
adding a few drops of hydrochloric acid to the sulphate mixed 
with water. 

1. Add to a little of the solution a few drops of iodine solution ; 
a brown amorphous precipitate is formed. This reaction is given 
by many of the alkaloids. 

2. Add chlorine water and then ammonia in excess. An emerald- 
green coloration is produced. 

3. Add sodium carbonate solution and then shake with ether. 
The free base is precipitated and dissolves in the ether. Decant 
the ether on to a watch-glass and let it evaporate. Crystals of 
the base remain. 

4. Dissolve in a few drops of acetic acid and add a large volume 
of water. A blue fluorescent liquid is obtained. See Appendix^ 
p. 462. 




SECTION III 

BIOCHEMICAL PREPARATIONS 




Preparation i8o. 

Palmitie Acid from Palm Oil. 

Fr6my, Annalen, 1840, 36 , 44. 

30 grams palm oil 
24 ,, caustic potash. 

The {'austic potash is dissolved in its own weight of water. The 
palm oil is melted in a large basin on the water-bath, and the 
potash solution added with constant stirring. The mixture is 
heated for half an hour. Half a litre of boiling water is poured in, 
and, after stirring well, 75 c.c. concentrated hydrochloric acid are 
gradually added, and the heating continued until the palmitic 
acid separates out as a transparent 
brow'n oil on the surface of the liquid. 

It is allowed to cool, and the. cake of 
impure acid removed and pressed be- 
tween filter-paper. 7 'he acid is now 
melted in a small basin on the water-bath 
and decanted, from any water w^htch may 
have separated, into a retort (250 c.c.). 

It must be distilled in vacuo. The neck 
of the retort is fixed into a small filtering Pig, 88, 

tube, W'hich serves as receiver, as shown 

in Fig. 88. A few' small pieces of unglazed pot are dropped into 
the retort, the tubulus of which is closed wn’th a cork holding a 
thermometer. Before commencing the distillation the apparatus 
should be tested to see that it is air-tight. It is then evacuated 
with the water pump (see F'ig. 59, p* 100), and the distillation 
commenced. During the distillation it is advisable to hold the 
Bunsen and to heat the retort with the bare flame. Under a 
pressure of 36 mm. the acid distils at 245*^. The pale yellow oil 
which collects in the receiver is poured out into a basin whilst 
hot and allowed to cool. The cake of add is spread on a porous 
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plate and left to drain, when it becomes nearly colourless, and, 
after one or two crystallisations from small quantities of spirit, is 
pure, and melts at 62®. Yield about 20 grams. 

The aqueous portion from which the cake of acid is removed 
contains free hydrochloric acid, potassium chloride, and glycerol. 
The latter may be obtained by evaporating to dryness on the water- 
bath, and extracting the residue with small quantities of alcohol, 
which dissolves out the glycerol. On evaporating the alcohol 
impure glycerol is left. 

CHa.O.CO.C^Hji 

<!:H. 0 .C 0 C„H„ + 3KOH = 3C,.H„COOK + C.H,( 0 H), 

I Potassium palmitate Glycerol * 

CHjj.O.CO.CijHai 

Palmitin 

C15H31COOK + HCl = Ci.HjiCOOH + KCl. 

Properties , — Crystallises in tufts of colourless needles; m. p. 
62*^ ; soluble in alcohol and ether ; insoluble in water. 

Reactions, — i. Dissolve a small quantity of the acid in caustic 
soda solution and add salt. Sodium palmitate separates as a curdy 
white precipitate. 

2. Boil another portion of the acid with caustic soda and let it 
cool. Pour off the liquid from the crust of sodium palmitate, 
which forms on the surface, wash once or twice with a little cold 
water, and dissolve the sodium salt in hot water. On cooling, 
a thick, gelatinous mass of sodium palmitate separates. See 
Appendix^ p. 464. 

Analysis of Fats and Oils. — The nature of these substances is 
ascertained from their physical constants, melting-point, refractive 
index, etc., and by certain chemical properties. The saponifleation 
value is the number of milligrams of potassium hydroxide required 
to hydrolyse i gram of the fat. The iodine value gives an estimate 
of the quantity &f unsaturated acids present (for these substances 
like the olefines absorb iodine) and is the amount of iodine in grams 
absorbed by 100 grams of the substance. In addition to these 
values it is important to ascertain the amount of volatile acid (such 
as butyric acid from butter) known as the Reiehert-Meissl value, 
which gives the number of c.c. of iV/io~potassium hydroxide 
solution required to neutralise the volatile fatty acids from 5 grams 
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of fat, and the acetyl value^ which, by forming an acetyl derivative, 
determines the amount of hydroxy-acid present, as in the acid of 
castor oil. 

{a) Saponlfleation value. — Dissolve about 20 grams of potassium 
hydroxide in about an equal weight of water in a 500 c.c. flask 
and make up to the mark with purified spirit (prepared by allowing 
ordinary spirit to stand for twenty-four hours over about 5 per 
cent, of coarsely powdered potassium hydroxide and then distilling. 
Titrate 25 c.c. of this solution (delivered from a pipette) against 
a normal or half-normal solution of hydrochloric acid using phenolph- 
thalein as indicator. Weigh out 1 to 2 grams of lard into a J litre 
flask, add 25 c.c. of the alcoholic potash solution and heat on the 
water-bath for half an hour with reflux condenser. Cool and titrate 
the excess of alkali. 

Example. — 1*1589 grams of lard, after saponification with 25 c.c. 
of alcx)holic potash (25 c.c. = 15*9 c.c. iV-HCl), require 11*7 c.c. of 
iV-HCl for neutralisation. 

(j 5,9^ 1.7) V .05O1 _ 

1-1589 “ ~ 

i.e. 0*197 combination with i gram of the fatty acids. 

The saponification value is, therefore, 197. 

{h) The Iodine value is determined by estimating the amount of 
chloride of iodine absorbed by the oil or fat from a standard acetic 
acid solution of ICl, the absorption being due to the presence of 
unsaturated acid radicals. 

The nutnber represents the weight in grams of iodine required 
to combine with 100 grams of the substance. 

The solution is prepared by dissolving 13 grams of iodine in i litre 
of glacial acetic acid and passing through the solution a slow 
current of chlorine until the deep red colour changes to orange. 
This change, which takes place suddenly, is due to the formation 
of the monochloride and is known as Wtjs’s solution. A standard 
solution of sodium thiosulphate is prepared by dissolving about 
24 grams of the solid in i litre of water and titrating against a 
st 8 EUdard iodine solution containing 10 grams in the litre, or, more 
simply, by using a solution of potassium dichromate containing 
3*865 grams of salt in the litre, each c.c. of which liberates o*oi gram 
of iodine from potassium iodide solution. Pour into a flask 10 c.c. 
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of a lo per cent, solution of potassium iodide and add 5 c.c^ of dilute 
hydrochloric acid. Run in from a burette 20 c.c. of the dichromate 
solution (= o’2 gram of iodine) and titrate with the thiosulphate 
solution until the iodine colour changes to straw, when a little 
thin starch solution is added and the end point ascertained by the 
disappearance of the blue colour. Having ascertained the strength 
of the thiosulphate, weigh out 0*5 to i gram of lard into a litre 
stoppered bottle, and 10 c.c. of carbon tetrachloride. When the 
lard is dissolved add 25 c.c. of the Wijs’s solution from a pipette. 
The bottle is shaken, to mix the contents, and placed for half an 
hour in the dark. Meantime, the strength of the Wijs’s solution is 
ascertained by running into a flask of about 250 c.c. capacity 10 c.c. 
of the solution, adding 10 c.c. of a 10 per cent, potassium iodide 
solution, diluting with 150 c.c. of water, and titrating with the 
standard thiosulphate solution as previously described. After 
the sample has stood in the dark for the requisite time, 15--20 c.c. 
of 10 per cent, potassium iodide solution are added. The mixture 
is well shaken, diluted with 400 c.c. of water and titrated with the 
standard thiosulphate solution, the bottle being shaken mean- 
whilCrf 

Example. — 0*5098 gram of lard was dissolved in 10 c.c. of 
carbon tetrachloride and 25 c.c, of Wijs’s solution added (25 c.c. 
= 54*25 c.c. of thiosulphate solution, 6*6 c.c. of which were equiva- 
lent to 0*2 gram of iodine). The excess of iodine required 28*4 c.c. 
of thiosuly>hate solution. Hence the absorbed iodine is 54*25 — 28*4 
= 25*8 c.c. of thiosulphate solution, and the amount ot iodine per 
100 grams of lard is given by the following expression : 


0-2 X 2 5*8 X 100 
10*6 X 0*5098 


60-9 grams. 


The iodine value of the lard is, therefore, 60*9. 

(r) Th® RdeherlrMeissl value. — Weigh out carefully 5 grams of 
melted butter into a 200 c.c. flask and add an alcoholic solution 
of sodium hydroxide (prepared by dissolving 2 grams of solid 
sodium hydroxide in 2 c.c. of water and adding 10 c.c. of pure 
alcohol). Heat the mixture with reflux condenser on the water- 
bath for fifteen minutes. Remove the condenser and boil off 
the alcohol on the water-bath. When the residue is dry, add 
100 c^c. of distilled water^ which has just been boiled to drive off 
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carbon dioxide and heat till a solution is obtained. Acidify with 
40 cx. of normal sulphuric acid and fit the flask with a bulb adapter 
and condenser, and distil no cx, in the course of about half an 
hour. Cool the distillate, filter and titrate 100 c.c. with N/io- 
sodium hydroxide solution, using phenolphthalein as indicator. 
The number of c.c/s of A/io-alkali multiplied by i*i is the Reichert- 
Meissl (or Reichert-Wollny) value (the multiplier i*i gives the 
correction for the no c.c. of distillate). 

Example . — Five grams of butter required 25*2 cx. of Njio 
NaOll solution, 25*2 x I'l 27*7, which is the Reichert-Meissl 
value. 

The following table gives the constants for various fats and oils. 


Oil or fal. 

Saponification 

value. 

Iodine 

value. 

Reichert-Meissl 

value. 

Palm-nut . 

242-250 


5-6*8 

Cocoa-nut . 

2 40 -260 

8-jo 

6-6-7-0 

Linseed 1 ).* 

192-105 

173-201 

0-0 

Cotton-seed . 

193-105 

108-1 10 

— 

Olive N.D.^ 

185-196 

79 ~HS 

0*6 

I-ard .... 

195 

76-85 

0*68 

Tallow (mutton) , 

192-195 

35-46 

0*5 

Goose lat . 

193 

59-71 

0'2-0*3 

Butter fat . 

220-233 

2<>— 50 

2<>-33 


Estimation of Butter-fat in Milk. — Purify 200 c.c. of ether by 
allowing it to stand overnight with 20 grams of coarsely powdered 
potassium hydroxide and then distilling from the water-bath. 
Cut a strip of filter-paper, about 36 cm. (14 in.) long and 8 cm. 
(3 in.) wide, so that when loosely rolled up it will slip easily into 
the extractor and not project above the syphon tube, and pin 
it horizontally at two ends to wooden blocks. Measure out 5 c.c. 
of fresh milk (stir it well beforehand) with a pipette and allow the 
milk to drop slowly from the pipette on to the paper in such a way 
that it spreads evenly over the surface. Warm the paper very 
cautiously from below with a small Bunsen flame so as to drive off 

^ The initials D., S.D., and N.D. stand for “ drying,*’ semi- 
drying,” and ” non-drymg.” The term has reference to the hardening 
of the oil by oxidation and is due to its unsaturated character. This 
is manifested mainly in the high iodine value, which is greatest in the 
drying oils. 
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the water. When dry, or nearly so, roll it tip and tie it round with 
a thread, and leave in a steam oven for half an hour. Fit np an 
apparatus as shown in Fig. 89. 

It consists of a clean and dry 200 c.c, flask, a, which is carefully 
weighed together with a small piece of broken porous pot and is 
then about half filled with purified ether. The flask is surmounted 
by a Soxhlet extractor to which a condenser, c, is attached. The 
whole is placed on the water-bath. The ether 
distils and the vapour passes by the side-tube (on 
the left of the figure) into the condenser, whence 
the condensed ether drips on to the filter paper 
filling up the extractor to the top of the syphon 
tube (on the right of the figure) from which it 
runs into the flask carrying with it the dissolved 
fat. After the syphoning process has been repeated 
six or seven times the flask is cooled and the 
ether removed by distillation from the water-bath. 
The flask is placed in a steam -oven for fifteen 
minutes, a little air blown over the surface 
to drive off the remaining ether and the flask 
weighed. 

Example: Five c.c. of milk, when dried and 
extracted, gave the following weight of fat. 

Flask + fat ... . 4ro43 grams 

Empty flask 40*878 „ 

Weight of fat 0*165 gram 

The weight of fat in 100 c.c. of milk = 0*165 x 20 = 3*3 grams. 

Preparation iBi. 

Cholesterol (from gall-stones), C27H45OH. 

Powder a few grams of gall-stones, bring them on to a filter and 
wash them several times with hot water. Extract the residue 
with ten times its weight of alcohol by heating on the water-bath 
a reflux condenser until only a small coloured residue remains 
llildissolved. Filter quickly through a wide Buchner funnel to 
^event the substance crystallising in the funnel. On cooling, 



Fig. 89. 
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lustrous, white laminae separate and are filtered and dried; m.p. 
148*^. The yield varies and may reach 90 per cent, of the gall- 
stones. 

Properties , — It is soluble 
in most organic solvents, 
but not in water, and is 
consequently extracted 
with the fats and oils by 
ether. 

Reactions, — 1. Dissolve a 
minute quantity of choles- 
terol in chloroform and add 
strong sulphuric acid, the 
chloroform is coloured crim- 
son, which changes to pur- 
ple ; the sulphuric acid at 
the same time has a green 
fluorescence. A drop of the 
purple chloroform solution 
exposed to the air changes to blue, green and ultimately yellow. 

2, Dissolve the substance in acetic anhydride when, on adding 
strong sulphuric drop by drop, a violet pink colour is produced. 

See Appendix^ p. 464. 



Fio. 90. — Cholesterol crystals 
(after Funke). 


Preparation 182. 

(/-Glucose. (Grape-sugar, Dextrose) from Cane-sugar (Sucrose). 
Soxhlet, J, prakt. Ckem., 1880, (2) 21 , 245. 

CH„OH.CHOH.CH.CHOH.CHOH.CHOH. 

I O I 

250 grams cane sugar 
750 c.c. spirit 

30 c.c. cone, hydrochloric acid. 

The spirit and acid are mixed and warmed to 45 — 50®, whilst 
the finely powdered cane-sugar is gradually added and stirred. 
When the sugar has dissolved the solution is cooled, and a few 
crystals of anhydrous grape-sugar added. On standing for a day 
or two the grape-sugar deposits in the form of fine crystals, which 
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continue to increase in quantity. When no further deposition 
is observed, the crystals are filtered and washed with spirit. The 
sugar may be purified by dissolving in a little water to a syrup, 
and addings hot methyl alcohol until a turbidity appears. On 
cooling, the grape-sugar crystallises out. 

Ca{ie>&\igar. Glucose, Fructose. 

Properties , — ^Colourless crystals; m. p. 146°; soluble in hot 
and cold water, insoluble in alcohol. 

Reactions, — i. Add to a little of the solution of glucose a few drops 
of caustic soda, and warm. The colour changes from yellow to 
brown. 

2. Add to 2 or 3 c.c. of the solution two or three drops of copper 
sulphate, and then caustic soda, until a clear blue solution is obtained 
and heat to boiling. Red cuprous oxide is precipitated. 

3. Add a few drops of glucose solution to half a test-tube of 
ammonio-silver nitrate solution and place the test-tube in hot 
water. A mirror of metallic silver is formed. 

4. Dissolve about 0*5 gram of glucose in 5 c.c. of water, and 
add a solution of phenylhydrazine acetate, made by dissolving 
I gram of phenylh)^drazine in the same weight of glacial acetic 
acid, and diluting to 5 c.c. Mix the solutions and warm in the water- 
bath. In a few minutes the yellow crystalline phenylglucosazone 
(m. p. 204 — 205°) is deposited. Examine the crystals under the 
microscope. 

5. Mix a few drops of a glucose solution with a few drops of an 
alcoholic solution of a-naphthol and pour slowly down the side 
of the test-tube a few drops of cone, sulphuric acid. A violet 
coloration is produced at the junction of the two layers (Molisch’s 
reaction). Sec Appendix, p. 464. 

{a) Estimation of Glueose and Invert-sugar with Fehiing's 
Solution. — ^The Fehling solution is first prepared by making two 
solutions, one by dissolving 69*28 grams of pure, crystallised 
copper sulphate in i litre of water, and the other by dissolving 
350 grams of Rochelle salt (sodium potassium tartrate) and 100 
grams of sodium hydtoxide in i litre of water. When equal 
volumes of each of the above solutions are mixed the resulting 
liquid is known as Fehlin^'s solution and is reduced to cuprous 
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oxide by glucose. If 5 c.c. of each solution are taken, the 10 c c. 
of the Fehhng are exactly reduced by 0*05 gram of glucose. The 
process is earned out as follows. The sugar solution to be examined 
IS introduced into a burette and a mixture of 5 c c. of the two solu- 
tions placed m a porcelain basin to which 40 c.c of water are added, 
and boiled gently over a small flame The sugar solution is added 
to the hot liquid i to 2 c c at a timt until (the precipitate of cuprous 
oxide being allowed to subside) the blue colour just vanishes, 
Ihe process is repeated, adding the sugar solution more slowly 
towards the end (one drop at a time) m order to determine the exact 
point at which the precipitation is complete and no excess of sugar 
IS present. Before testing a solution of glucose of unknown strength 
It IS advisable to carry out an experiment with pure glucose or 
invert-sugar (see below) by making a solution of such a strength 
that 10 c c cemtams exactly 00^ gram of the substance 

In ( ase the preliminary examination of the solution to be tested 
requiies a much larger or smaller \olume than 10 c c to precipitate 
exactly the Fehling solution the original sugar solution must cither 
be concentrated or diluted so that approximately 10 c c of sugar 
solution 10 c.c of the Fehling solution. 

As the cnd-pomt ot the reaction is difficult to determine owing 
to the presence of a precipitate indicator ma> be used. 

It consists of icnous thiocyanate which in presence of cupric 
suljihate is oxidised to red feme thiocyanate It is prepared by 
dissolving 1 5 grams oi ammonium thiocxanate and i o gram of 
ferrous ammonium sulphate m 10 c c ol watei at about 40"^, cooling 
and then adding 5 ce of cone, hydrochloric acid If the solution 
has a reddish colour a little zinc dust will remove it The testing 
of the end-point is made by means of the drop method, that is, 
by placing a senes of drops ol the indicator on a white tile and touch- 
ing the drops in succession with a drop of the solution. The 
reduction is complete when no red colour is produced by the Fehling 
solution 

Example — The solution of invert«-sugar was prepared as follows : 
11*320 grams of cane-sugar were dissohed m water and made up 
to 500 c.c. Fifty < c of this solution were mixed with 10 c.c. cone, 
hydrochloric acid m 50 c.c. of water and warmed to 65-70® for 
fifteen minutes, and then made up to 250 c.c. 
cohen’s p. o. c. y 
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lo c,c. Fehling solution =*= 10-5 cx. of sugar solution (» 0*0475 gram 
of cane-sugar). 

0*0475 X 250 ^ 

= i‘i3i grams of cane-sugar. 

(b) Estimatioii of Glucose by Benedict’s soIuUon,—Benedict’s 

solution is prepared by dissolving 200 grams crystallised sodium 
carbonate^ 200 grams sodium citrate and 125 grams of potassium 
thiocyanate in 800 c.c. of hot water^ filtering and cooling. Copper 
sulphate (18 grams) is dissolved in about 100 c.c. of water and added 
with constant shaking to the first solution. To this 5 c.c. of 5 per cent, 
solution of potassium ferrocyanide aie added, and the total volume 
IS made up to a litre. 

25 c.c. Benedict’s solution =• 0 05 gram of glucose. 

The solution is standardised against a solution of pure glucose or 
invert-sugar of about 0*5 per cent, strength. 

Sodium citrate replaces the less stable Rochelle salt of Fehling 
solution, potassium thiocyanate precipitates cuprous thiocyanate, 
whilst potassium ferrocyanide prevents the precipitation of cuprous 
oxide. The solution is stable, does not deteriorate on exposure 
to light and a small amount of protein does not affect the estimation. 

Twenty-five c.c, of Benedict's solution and 3 grams of anhydrous 
sodium carbonate are placed in a small flask, which is fixed in a 
clamp and the contents are slowly brought to the boil over a small 
flame, a few pieces of porous pot being added to prevent bumping. 
The sugar solution, which should be of about 5 per cent, strength, 
is run in from a burette as rapidly as possible without interrupting 
the boiling. As soon as the white precipitate of CuCNS begins 
to appear, the sugar solution is added more slowly, thirty seconds 
being allowed to elapse between each addition. The end point 
is indicated by the disappearance of the blue colour of the copper. 

Example. — Twenty-five c.c. of Benedict’s solution required 
10*5 c.c. of invert-sugar solution (= 0*0475 gram of cane-sugar). 


0*0475 X 250 


1*131 grams of cane-sugar. 


10*5 
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Preparation 183. 

COOH 

Saccharic Acid from Glucose, (CH.OH)^. 

coon 


E. Fischer, AnUitunq zur Dantellung org. Prdparate, p. 80. 

50 grams glucose 

350 ,, nitric acid (sp. gr. i'i5, or iod grams cone. HNO3 
diluted to 350 grams). 

Heat in a basin on the water-bath, with constant stirring, 50 grams 
of anhydrous glucose with 350 grams of nitric acid (sp. gr. 1*15) 
until a syrupy residue remains. Dissolve it in a little water and 
again evaporate. The operation is stopped when the mass begins 
to turn brown. Dissolve it in 150 (\c. of water and neutralise the 
solution with a concentrated solution of potassium carbonate; 
add 25 c.c. of 50 per cent, acetic acid and concentrate to about 
80 c.c. On standing in the cold or by rubbing, the acid potassium 
salt crystallises. Let stand for twelve hours, filter at the pump, 
wash with a little cold water and recrystallise from the least possible 
quantity of hot w^ater with the addition of animal charcoal. The 
salt so obtained is colourless and should be free from oxalic acid. 
The yield is about 15 grams. 


XHOH 
/ 1 

COOH 

COOH 

] 

(CHOH)sj — 

j 

> (CH.OH), -H 

(CH.OH), 

\<1:h 

in, .OH 

COOH 

1 

Gluconic acid. 

Saccharic acid. 

CH.OH 

1 



CH.OH 




Glucos(\ 

Preparation 184. 


ce-Methyl GluoosWe, CH.OH.CH.OH.CH.CH.OH.CH.OH.CH.OCH, 

I 0 1 

E. Fischer, Anleitung zur Darstellung org. Prdparate, p. 85. 

100 grams methyl alcohol (containing 0*25 per cent, of HCi) 

25 „ anhydrous glucose. 
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Dehydrate methyl alcohol (free from acetone) ^ by leaving it over 
quicklime for several days. Place lo c.c in a flasks which is weighed 
together with a delivery tube, well cooled, so that no evaporation 
takes place, and dry hydrogen chloride passed in for a short time. 
The increase in weight is ascertained and the methyl alcohol 
'diluted with the same solvent until it contains 0*25 per cent, of 
hydrogen chloride. To 100 grams of this dilute solution add 25 
grams of anhydrous and finely powdered glucose and boil with 
reflux condenser for three-quarters of an hour until the sugar 
is completely dissolved. The pale yellow liquid probably contains 
glucose dimcthylacetal, which is (onvcrted into the glucoside 
on heating to 100^. Place the solution in a sealed tube and heat 
for fifty hours in boiling water. The solution is then evaporated 
to one-third of its volume and well cooled. The a-methyl glucoside 
slowly deposits in small, colourle.ss needles, which, after standing 
twelve hours, are filtered. The yield is about 45 per cent, of 
the glucose. It is purified by crystallisation from eighteen 
parts of ethyl alcohol. See Appendix, p, 466. 

Preparation 185. 

Glucosamine (from Crab or Lobster shell)^ 

CIl 20 H.CnonCH,C}IOILCH.(Nn 2 ).CH.OH. 

I 0 1 

100 grams Crab or Lobster Shell. 

Crab or lobster shell is carefully freed from soft tissue and soaked 
in dilute hydrochloric acid for twenty-four hours. The shell 
becomes soft and can be easily cut with scissors into small pieces. 
Place about 100 grams in a basin, cover with cone, hydrochloric 
acid, and boil gently on a sand-bath. Most of the shell rapidly 
dissolves and gives a brown solution. Dilute with a little water, 
filter from undiscolved substance and evaporate the filtrate on 
the water-bath until crystals appear on the surface. Filter, wash 
with a little alcohol and, if necessary, recrystallise from hot water 

^ A simple way of removing acetone from commercial methyl alcohol 
is to pass a current of chlorine through the boiling liquid until saturated, 
letting it stand over quicklime to remove free chlorine and then frac- 
tionating with a column. The acetone is converted into a high boiling 
chlofacetone which remains in the distilling flask. 
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with the addition of a little charcoal. Glucosamine forms highly 
refractive, colourless crystals which reduce Fehling’s solution, form 
ordinary glucosazone and are dextrorotatory. 


Preparation 186. 

Lactic AcW, CH3.Cn(OH).COOH. 

Method I (from Cane-sugar). 

50 grams cane-sugar (in 250 r.c. water) 

50 c.c. sour milk 
5 grams St. Ivel cheese ^ 

15 ,, zinc carbonate. 

Dissolve 50 grams of (ane-sugar in 250 c.c. of water, add 50 c.c. 
of sour milk, 5 grams of St. Ivel cheese, and 15 grams of zinc car- 
bonate, and place in the in('ubator at 35® for eight to ten days, 
with occasional stirring. Filter the mixture through fine unstarched 
calico at the pump. Boil up the solid portion with 400 c.c. of water 
and filter hot, repeat the process with the undissolved residue, 
adding a further 100 c.c. of water, filter hot as before and add 
to the first filtrate. On cooling, a crystalline mass of colourless 
zinc lactate separates, 

Evaporate the original filtrate with the mother liquor from the 
zinc lactate on the water-bath until crystals apj)ear. Cool and 
filter. The zinc lactate obtained from this portion is usually 
coloured and should be recrystallised. A further quantity may be 
obtained by again concentrating the mother liquors. The total 
yield is 25 — 30 grams. 

Lactic acid may be obtained from the zinc salt by adding dilute 
sulphuric acid sufficient to combine with tlic zinc present, and 
shaking out with ether, in which the lactic acid dissolves. On 
distilling the ether on the water-bath the lactic acid remains as a 
colourless, viscid liquid. 

^ Any other strongly flavoured cheese will do. In place of sour milk 
what is known in cheese-making as " starter/’ i.e,, curdled milk con- 
taining the pure lactic ferment, is more efficient. 



3^6 


PKACTICAL ORGANIC CHEMISTRY 


Method II (from Milk). 

500 cx. fresh milk. 

Add to the milk 15 grams of St. Ivel cheese (or 30 c.c. of 
“ starter ”) and 20 grams of zinc carbonate^ and incubate for eight 
to ten days at 35^^ with occasional stirring. Filter through calico 
as above. Boil tlie filtrate with a little zinc carbonate for a time, 
cool and filter. The filtrate will now be clear. Boil the solid 
residue (consisting of casein, fat, unchanged zinc carbonate and 
zinc lactate) with 300 c.c. of water for some time, cool and let stand 
so that the fat solidifies. P'ilter. 

Concentrate the combined filtrates on the water-bath until 
crystallisation begins. Filter the crystals of zinc lactate. Con- 
centrate the mother liquors, w^hen a further quantity of the salt 
w'ill separate. The total yield is about 20 grams, w^hich, assuming 
that a milk-sugar yields two molecules of lactic acid, will represent 
about 50 per cent, of the theoretical amount. See Appendix, P- 4^7* 


Preparation 187. 

Casein and Lactose from Milk. 

250 c.c. fresh milk. 

Dilute 250 c.c. of fresh milk with i litre of distilled water, and add 
so much acetic acid that the solution contains 0*1 per cent, of 
acid (1*25 grams). Wash the precipitate two or three times by 
decanting rapidly. Rub the precipitate in a mortar with the least 
possible quantity required for solution of dilute sodium hydroxide 
solution (o*i per cent.), taking care that the final solution is neutral. 
Keep the washings. Filter through a cloth until the liquid is only 
faintly opalescedt. The filtrate is again acidified with acetic 
acid as before and the precipitate again washed, and the process 
of solution and precipitation repeated. It is drained, made into 
a paste with 97 per cent, alcohol to remove water, filtered and 
washed with pure alcohol, and then with ether to remove fat, 
and dried in air or over sulphuric acid in a vacuum desiccator. 
It is a white, amorphous powder, soluble in the hydroxides, 
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carbonates^ and phosphates of the alkalis, and also in lime and 
baryta water. The yield is about 6 grams. 

The lactose is prepared from the filtrate from the casein. Boil 
the liquid to precipitate the soluble proteins, filter, neutralise 
with magnesium carbonate, and evaporate on the water-bath; 
extract with alcohol, dissolve the residue in water, filter, and 
concentrate to a syrup. On standing, crystals of lactose separate. 
It may be recrystallised from hot water. Prepare lactosazone 
as described on p. 320. It forms characteristic nests of hairy 
crystals which take much longer to separate than the glucosazone. 
It does not, like glucose, reduce Barfoed’s reagent (i part of cupric 
acetate in 15 parts of water; to 200 c.c. of this solution 5 c.c. of 
38 per cent, acetic acid are added), but reduces Fehling’s solution 
and ammonia-silver nitrate solution (see p. 320). On oxidation 
with nitric acid it forms mucic acid. Sec Appendix, p. 467. 

Mucie Acid, — Evaporate 5 grams of lactose with 50 c.c. of nitric 
acid of sp. gr. 1*15 in a basin to 10 c.c., when a pasty mass of mucic 
acid crystals separates. Dilute with cold water, filter, and wash 
with a little w^ater. 


Preparation 188. 

Mannose from Ivory Nut, CIEOll.C IIOPT.C H.CIIOH.CHOH.CHOH 

I 0 1 ' 

Horton, /. Jvd, Efig, Chem. iq2i, 13 , 1040. 

90 grams ivory-nut shavings 

10 „ caustic soda (in i litre of water). 

The caustic soda solution is heated to boiling and the ivory 
nut shavings added to the boiling liquid, which is stirred and the 
vessel at once removed from the flame. The stirring is continued 
for an hour and the deep browm extract is filtered through cloth 
spread on a porcelain funnel. The solid is washed with water on 
the funnel until the filtrate is colourless and neutral. The residue 
is dried in the oven at 60^. When thoroughly dry it is weighed 
and mixed w^ith an equal weight of 75 per cent, sulphuric acid 
(i part of water: 2*5 parts of cone, sulphuric acid by weight). 
The mixture is left overnight, then diluted to 750 c.c. with water 
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and boiled with reflux for eight hours. It is cooled to room tempera- 
ture and fresh milk of lime (from 25 grams of quicklime) added 
slowly with vigorous agitation so that no portion is even temporarily 
alkaline. It is filtered through cloth on a porcelain funnel and the 
residue washed with water. The fillrale^ which should be slightly 
acid, is heated to about 90° and decolourised with 5 to 10 grams 
of animal charcoal. The cooled liquid is neutralised with excess 
of calcium carbonate, filtered through cloth and washed with water. 
The filtrate and washings are evaporated in vacuo to a small bulk 
(about 100 C.C.), The whole of the syrupy residue which contains 
some insoluble inorganic matter is poured into an equal volume of 
purified spirit and again heated with about 4 grams of animal 
charcoal. The mixture is filtered hot and the residue washed with 
70 per cent, spirit. The filtrate is now practically colourless. 
It is again evaporated under reduced pressure on the water-bath 
till nearly solid. The residue is dissolved in an equal volume of 
glacial acetic acid by warming and shaking, poured into a conical 
flask and left at room temperature. On seeding the solution on 
the followmig day with a crystal of mannose, and allowing the liquid 
to stand for a week, a good (Top of (Tystals separates. They are 
filtered, washed with glacial acetic acid, alcohol and acetic acid, 
alcohol, alcohol and ether and finally with ether. The product is 
ground up in a mortar w ith ether ; filtered and dried in an oven at 
40°. Yield, 15 to 20 grams; m. p. 131 — 132°. It is a colourless, 
crystalline substance w^ith a sw^eet taste. See Appendix, j). 468, 


Preparation 189. 

NTT 

Dicyanodiamide, CN ‘ 

Hale and Vjbrans, J. Amer. Chem. Soc., 1918, 40 , 1037. 

500 grams commercial calcium cyanamide in powder (mirolim) 
zooo c.c. water. 

The calcium cyanamide and water are heated together for an 
hour on the water-bath and the mixture is then filtered through a 
large porcelain funnel and washed with hot water. A few c.c.’s 
of cone* ammonia are added to the filtrate and the latter is con- 
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centrated by evaporation to about 200 c.c. On coolin^ and allow- 
ing the liquid to stand to the following day crystals of nearly pure 
dicyanodiamide separate of m.p. 204 — 205®. The yield is 75 
grams. A further quantity but of the less pure substance is obtained 
on evaporation. 

2NC.NCa + 4H,0 = + 2Ca(OH)j. 


Preparation 190. 

Guanidine thiocyanate, • 

Werner and Bel], Trans. Chew. Sac., 1920, 119 , 1134; Ewan and 
V^ounK, ]. Soc. Lhem. Ind , 1921, 40 , T., 109; Blair and Braliam, 
J. Amer. Chem, Soc., 1922, 44 , 2343. 

14*5 grams dicyanodiamide 

19 ,, ammonium thiocyanate (dried at 105®).^ 

The two substances are intimately mixed in a tall^ narrow 
beaker, which is partly immersed in a glycerin bath. It is loosely 
covered with a piece of cardboard, through which a thennometer 
is introduced and serves as a stirrer. The mixture is then heated ; 
It begins to melt at 80® and after half an hour, when the temperature 
reaches 105®, is completely liquefied. During the next half-hour the 
temperature is raised to 120® and mainUiined for three and a half 
hours. 

To the Viscous mass, whilst still hot, 60 c.c. of water are added, 
.stirred up and left to cool. It is filtered and the filtrate concen- 
trated on the water-bath until crystallisation begins. Ihe crystals 
of impure guanidine thiocyanate (about 25 grams) are filtered, 
redissolved in 250 c.c. of water and again filtered from a small 
quantity of amorphous matter. The filtrate is evaporated on the 
steam-bath to a syrup and when cold seeded with a crystal of 
guanidine cyanate when the pure substance separates. Yield, 
10 — 12 grams, m. p. 118 — 119®. 

HN:C<^g»CN + CN.SNH, = HN;C<gg» jjj;CN + NH,CN. 

^ Ammonium chloride may be used in place of the thiocyanate, when 
guanidine chloride is formed. 
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The guanidine remaining in the mother-liquor may be recovered 
as carbonate as follows : it is mixed with four times its volume of 
alcohol, the requisite amount of caustic potash added and carbon 
dioxide passed through the liquid when guanidine carbonate is 
precipitated. Yield, 4 grams. See Appendix^ p. 468. 


Preparation 191. 

NH 

Methyiguanidine hydrochloride, 

Werner and Bell, Trans. Chem. Sor., 1922, 121, 1792. 

8*4 grams dicyanodiamide 

13*5 methylaminc hydrochloride (see p. 93). 

An intimate mixture of the above is heated in a wide-mouthed 
test-tube in a glycerin bath. The test-tube is loosely closed by 
a cork fitted with a thermometer. The mixture melts at 85 — 86° 
and is completely liquefied at 130°. The temperature is then raised 
to and so maintained for three hours. The viscous product, 
whilst hot, is dissolved in 100 c.c. of absolute alcohol, which is 
filtered and evaporated to a syrup. On standing in a vacuum 
desiccator for a few days it crystallises. The diy' salt is deliquescent. 
Yield, 15 to 20 grams. 

JJC1+ NH.CN. 

The picrate is obtained by mixing aqueous solutions of the 
hydrochloride and picric acid. It forms yellow cr}^stals which melt 
with decomposition at 285°. See Appendix^ p. 468. 

Preparation 192. 

Urea (Carbamide), • 

Wohler, Pogs;* Ann., 1828, 12 , 253; Clemm, AnnaUn, 1848. 60 , 
382. 

50 grams potassium (or sodium) cyanide (98 — 99 per cent.) 

140 „ red oxide of lead 

25 „ ammonium sulphate. 
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The potassium cyanide is heated in an iron dish over a large 
burner until it begins to fuse, when 140 grams of red oxide of 
lead are gradually added in small quantities and stirred in. The 
heat of the reaction causes the mass to melt and froth up. When 
it fuses quietly, the dark-coloured liquid mass is poured on to an 
iron plate and allowed to cool. It solidifies and is powdered and 
separated from the solid cake of metallic lead. 200 c.c. of cold 
water are poured on to the crude cyanate and, after standing an 
hour, filtered through a fluted filter and washed with a little cold 
water. A concentrated solution of 25 grams of ammonium sulphate 
is immediately added to the filtrate, which is evaporated to dryness 
on the water-bath, the mass being stirred occasionally to prevent 
the formation ot a surfac'e crust. The cooled residue is powdered 
and the urea extracted with alcohol by boiling on the water-bath, 
using a reflux condenser and adding successively small quantities 
of spirit until the extract leaves only a small residue on evaporation 
on a watch-glass. The greater part of the alcohol is distilled off 
on the water-bath, and the residue p oured out into a beaker to 
crystallise. Yield, about 15 grams. 

1. 4KCN -f PbaO^ == 4CONK + 3Pb 

2. (NIIJ2SO, + 2CONK iCON.NIi, 4 K2SO4 

3. CON.NH, C0(NH2)2 

Properties , — Colourless prisms; m.p. 132°; very soluble in 
water; soluble in hot alcohol. 

Reactions, — i. Add to a strong solution of urea in w^ater a drop 
of concentrated nitric acid, and to another portion a concentrated 
solution of oxalic acid ; the cr^^stalline nitrate, C0(NH2)2HN03, and 
oxalate, [CO(NH2)j2C2ll204 are deposited. 

2. ]\Ielt a few crystals of urea over a small flame and heat 
gently for a minute, so that bubbles of gas are slowly evolved. 
Cool and add a few drops of water, then a drop of copper sulphate 
solution, and finally a few drops of caustic soda. A violet or pink 
coloration is produced, depending upon the quantity of biurei 
formed. 

2C0(NH,), = + NH,. 

Biuret. 

3. Add a few drops of sodium hypochlorite, or hypobromite, 
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to a solution of urea in water. Nitrogen is given of, CO(NH2)3j + 
3NaOCl := 4- 3NaCl + CO2 (which dissolves in the 

alkaline solution). 

4. Add to a solution of urea a few drops of hydrochloric acid 
and a solution of sodium nitrite. Effervescence occurs and nitrogen 
and carbon dioxide are evolved. 

CO(NHj) 2 + 2HO.NO = aNj + CO3 + 3Hp. 

5. Heal a little urea with soda-lime. Ammonia is evolved. 
Siee Appendix, p. 468. 


Preparation 193. 

NTT 

Thiocarbamide (Thiourea), ’ 

Reynolt, Trans. Chem. Soc., 1869, 22 , i; Volhard, J. praki. Chem., 
1874, (2), 9 , 10. 

50 grams ammonium thiocyanate. 

The ammonium thiocyanate is melted in a round flask in a parafTin- 
bath, and kept at a temperature at \\hich the mass remains just 
liquid (14c — 145^) for five to six hours. Ihe cooled melt is pow- 
dered and ground with half its weight oi cold water, which dissolves 
unchanged ammonium thiocyanate, but little oi the thiourea. 
By dissolving the residue in a little hot water, pure thiourea is 
obtained, cm cooling, in colourless, silky needles. Yield. 7 — 8 
grams. 

CNS.NH4 = CS(NH,),. 

Properties. — Colourless, rhombic prisms (from dilute aqueous 
solution), long, silky needles (from concentrated solutions); m, p. 
172®. Very slightly soluble in cold water (i part of thiourea dis- 
solves in about parts of water at the ordinary temperature). 
See Appendix, p. 469. 

HN— CO 

Uric Acid, CO C— Nil 

1 11 >CO 

IIN— C— NH 

Scbeele (1776). 
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Uric acid is a product of the metabolism of the animal organism. 
It is usually prepared from guano, which is treated first with dilute 
hydrochloric acid to remove phosphate of calcium. The uric acid 
is then dissolved out with hot caustic soda and the clear alkaline 
solution precipitated with acid. 

Properties.’— Vric acid forms microscopic crystals of a character- 
istic shape. It is insoluble in water, but dissolves in the presence 
of many organic substances. On dry distillation it yields ammonia, 
cyanuric acid, and urea. 

Reactions. — Evaporate a 
little of the acid with a few 
c.c. ot dilute nitric acid to 
dryness on the water-bath. 

An orange or red residue 
remains. On cooling, add 
ammonia. A fine purple 
colour is produced (murexide 
test); see also Reaction for 
alloxan (p. 335). 

♦ Estimation of Uric Acid.— 

Weigh out accurately about 
0*5 gram of uric acid, wash 
it into a litre flask and add about 0*5 gram of potassium hydr- 
oxide, when a clear solution should be obtained. Make up to i 
litre. Prepare a Njzo solution of potassium pennanganate 
(1-58 grams KMn04 in i litre; i c.r. 0*00375 gram of uric 
acid) and fill up the burette. ]\Ieasurc out 100 c.c. of the uric 
acid solution^ add 20 c.c. of cone, sulphuric' acid, shake up and 
immediately titrate with the permanganate solution, stirring or 
sliaking gently during the process, until a drop of permanganate 
gives a pink colour which is diffused through the solution. The 
titration is then complete, though the colour may shortly disappear. 

Example . — 100 c.c. — 12*5 c.c. of pemianganate solution. 

12-5 X o»oo 375 X JQo 93.7 per cent. 

0*05 



01. — Crystals of uric acid 
(after Funke). 



334 


PRACTICAL ORGANIC CHEMISTRY 


Preparation 194. 

Alloxantin, + 3H2O. 

Liebig, Wohler, Annalen, 1838, 26 , 262. 

10 grams uric acid 

20 „ (18 c.c.) cone, hydrochloric acid diluted with an 

equal weight ol water 
2*5 ,, potassium chlorate. 

The hydrochloric acid is poured over the uric acid. The mixture 
is heated to 35°, and the potassium ('hloratC;, finely powdered, is 
added in small quantities at a time w'ith constant shaking. When 
about two grams of the chlorate have been added, the uric acid will 
have nearly dissolved, and the liquid has a faint yellow colour. It is 
diluted with double its volume of water, allowed to stand for about 
an hour, and filtered. The filtrate is saturated with hydrogen 
sulphide, and yields, after being left for twelve hours, crystalline 
crusts, often of a reddish tint, of alloxantin mixed with sulphur. It 
is filtered and washed with cold water, and the alloxantin dissolved 
in a small quantity of hot water, and filtered from the residue of 
sulphur. On cooling the filtrate, colourless crystals separate out. 
Yield, 7 — 8 grams. 

CgH^N^Oj + 0 + HjO -f CON^H^. 

Unc acid. Alloxan. Urea 

2C4H2NJO4 -f H^S - -f S + H^O. 

Allojtaiitin. 

Properties, — Hard, colourless crystals, slightly soluble in cold, 
more readily soluble in hot water. 

Reactions, — i. Add to tfie solution of alloxantin a little baryta 
water ; a violet toJoration is produced. 

2. Add ammonio-silver nitrate solution and warm ; metallic 
silver is deposited. 

3. Boil the solution with mercuric oxide ; a violet solution of 
mur^xide is formed. See Appendix^ p. 469. 
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Preparation 195 

AUoxan (Mesoxalylurea), CO<^^:^q>CO + 4HjO. 

Liebig, Wohler, Annalen, 1838, 26 , 256. 

5 grams alloxantin 

5 « (3‘5 cone, nitric acid (sp. gr. i’4) 

10 „ (7 c.c.) fuming „ (sp. gr. I's). 

The finely powdered alloxantin is added to a mixture of the 
strong and fuming nitric acid^ and left to stand. Slight evolution 
of nitrous fumes occurs, and the alloxantin, which at first remains 
at the bottom of the vessel, slowly changes into the more bulky 
crystals of alloxan, which gradually fill the liquid. The reaction 
lasts about two days, and is complete when a sample dissolves 
readily and completely in cold water. The crystalline mass is 
spread upon a porous plate, thoroughly dried in the air, and freed 
from traces of nitric acid by heating in a basin on the water-bath 
until the smell of the acid disappears. Alloxan may be obtained 
in large crystals by dissolving the dry product in the smallest 
quantity of hot water, and allowing the solution to evaporate 
slowly in a desiccator over sulphuric acid. The crystals are liable 
to effloresce. 

+ O = 

Alloxantin. Alloxan. 

Properties , — Colourless crystals, containing 4 molecules of 
water of crystallisation. 

Reaction , — A small quantity of the alloxan solution is evapor- 
ated to dryness on the water-bath in a porcelain basin. A reddish 
residue is left, which turns purple on the addition of ammonia 
(murexide). See Appendix, p. 470. 

Preparation 196. 

Allantoin from Uric Acid. 

5 grams uric acid 

I gram caustic soda (in 5 c.c. water) 

3*2 grams potassium permanganate (in 150 c.c. water). 

To 5 grams of uric acid contained in a flask ( J litre) add enough 
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water to form a thin paste and about i gram of sodium hydroxide 
dissolved in a little water. Place the flask in ice^water and, whilst 
coolimr, dissolve 3*2 grams of potassium permanganate in 150 c.c. 
of water. Add the cooled permanganate solution a few c.c. at a 

time to the uric acid, shake 
well and keep the temperatuie 
below' 10°. The permangan- 
ate is quickly reduced and 
manganese dioxide is precipi- 
tated. When the whole of 
the pennanganate has been 
added and the pink colour 
gone, pass in a current of 
sulphur dfoxide, keeping the 
flask m the ice-water, and 
shake well until the precipi- 
tate of manganese dioxide is 
just dissolved. Filter from 
any unchanged uric acid, if 
nec essary , and concentrate 
the solution to about half its bulk on the water-bath. Set aside 
and let it stand for about two days, when colourless, crystalline 
crusts of alJantoin are deposited (Claus). The yield is theoretical. 
The substance may be recrystallised from hot v\atcr, and has tlie 
appearance shown in Fig. 92, 

C.n,0,N, -f H,0 4- O H f 

Uric acid Allantoin 

It crystallises in shining prisms with dome-shaped ends, and 
has the following struc ture : 

NHj 

1:0 CO— NJ£ 

I I >co. 

HN— c‘H— NH 

Allantoin. 



Fig 92 - — Crystals of allantoin pre- 
paied by the oxidation ot uric 
acid (after Kuhne). 
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Preparation 197. 

CH3.N— CO 

Caffeine (Trimethyl xanthine), CO C — N(CH3) 

CH3,i— (5— 

100 grams tea. 

Digest the tea with 500 c.c. boiling water for a quarter of an 
hour, and filter through cloth into a basin placed over a ring burner 
(see p. 131), so that the liquid in the filter is kept hot. Moderately 
fine unsized cotton cloth is used, and is wetted and stretched on a 
wooden frame as shown in Fig. 93. Wash with a further 250 c.c. 
of boiling water. Add to the filtrate a 
solution of basic lead acetate (made by 
boiling acetate of lead solution with 
excess of litharge, and then filtering) 

• until no more precipitate is formed. 

Filter hot through a large fluted filter 93 - 

from precipitated albumin, and wash 

with water. To the boiling filtrate add dilute sulphuric acid until 
the lead is precipitated as sulphate. Filter or decant from the 
sulphate of lead, and concentrate the solution with the addition of 
animal charcoal to 250 — 300 c.c. Filter and extract the filtrate 
three times with small quantities (50 c.c.) of chloroform. Distil 
off the chloroform on the water-bath, and dissolve the residue in a 
small quantity of hot water. On allowing the solution to evaporate 
very slowly, long silky needles of caffeine separate, which may have 
a slightly yellow tint, m which case they should be drained, re- 
dissolved in water, and boiled with the addition of animal charcoal. 
The needles contain one molecule of water, which they lose at 
and melt at 234‘5°. Yield about 1*5 grams. See Appendix^ p. 471. 



cohen’s p. o. c. 


z 
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Preparation 198. 

creatine. im:c4gH3).CH,.C0.0n ^ 

Neubauer, Afivalen, 1861, 119 , 27. 

500 grams meat. 

The meat, separated as far as possible from fat^ is put through 
a sausage machine, or finely chopped and digested with J litre 
of water at 50 — 60"^, and well stirred from time to time. It is 
filtered through cloth (see P"ig. 93, p. 337), and is then digested 
with a further 250 c.c. ol water in the same way, filtered, and the 
cloth removed from the frame and squecz.ed out. The filtrate is 
heated to boiling to coagulate the albumin, and, on cooling, filtered. 
Basic acetate of lead is carefully added, just sufficient to precipitate 
the soluble albumin. The liquid is again filtered through a fluted 
filter, and the lead removed with hydrogen sulphide, which is 
passed into the warm liquid. The filtrate from the sulphide of lead 
is concentrated to a thin syrup on the water-bath and then trans- 
ferred to a vacuum desiccator, where it is left over sulphuric acid. 
In a short time, especially on the addition of a crystal of creatine, 
needle-shaped crystals begin to separate, and when no further 
crystallisation is observed, the crystals, which have a browm colour, 
are brought on to a porcelain funnel, and washed with a little spirit. 
They are recrystalliscd from a little hot water, wdth the addition of 
animal charcoal. Yield about i gram. The filtiate from the 
creatine contains hypoxan thine and sarcolactic acid, but the small 
quantities of these tw'o constituents render them difficult to extract. 

Properiies . — Small rhombic prisms; with difficulty soluble in 
cold water, readily soluble in hot water. On warming with alkalis, 
it decomposes into urea and sarcosine, 

+ NaOH = CO(NHj), + 

* NH{CH,).CHj.COONa. 
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Preparation 199. 

Tyrosine, (OHKeH^.CHg.ClKNITgXCOOH. 

rn 

Leucine, ^jj3x;H.CPr^.CH(NIl2) COOIL 

Bcytr, /eU , 1H67, 436, 1 Iischcr, her , 1901, 34, 433. 

100 grams hoof or horn sha\ings (washed free from dirt) 

250 ^ f sulphuric acid (in 750 c c. water). 

The shavings and acid are heated in a round flask (ij litres) on 
the water-bath until the greater part is dissolved^ and then boded 
A\ith reflux (onden^cr over wire gauze for about twenty hours, until 
the solution no longer gives the biuret reaction (p 331) Add to a 
little of the liquid two drops of copper sulphate solution and make 
alkaline with caustic soda, if the coloration is violet or pink 
instead of blue, continue to boil After boiling, the dark-coloured 
liquid IS poured into a large basin and neutralised whilst hot with 
slaked lime Ihe hot liquid is filtered and the residual calcium 
sulphate replaced in the basin and extracted twice with 300 c c. of 
hot Avatcr The united filtrates ait concentrated and made up to a 
litre Ihe total quantity of oxalic acid (about 20 grams) required 
to precipitate the dissolved calcium salts is determined by a pre- 
liminary estimation with 50 cc of the solution. The liquid is 
boiled before adding iht acid and filtered hot from the precipitated 
calcium oxalate. 1 he precipitate is extracted twice with 250 c c. 
of water and concentrated (to about 250 c c ) until crystals appear 
on the surface. 

TyrosiBe. — On cooling, a brown, crystalline crust of impure 
tvrosine separates It is filtered, dissolved m the least quantity 
of boiling water, boiled with a little animal charcoal and filtered. 
On cooling, long, white, silky needles of tyrosine arc deposited. 
Yield, about 2 grams. 

Reaction , — Warm a small quantity of the substance with a 
drop of strong nitric acid and add ammonia. A yellow solution 
is produced in the first case, which changes to deep orange with 
ammonia (xanthoproteic reaction). Warm with a solution of 
mercury in strong nitric acid (Millon's reagent). The liquid turns 
red, and a red precipitate is then formed. 
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Tyrosine Hydantoln.— Suspend i gram of tyrosine in 5 ex, of 
boiling water and add about 0*5 gram of potassium cyanate until 
a dear solution is obtained. Then boil for a quarter of an hour 
with 10 c.c. of hydrochloric acid (i con. HCl : sHjjO), when a colour- 
less, crystalline mass separates consisting of the hydantoin compound 
(Dakin). 

OH.CeH,.CH,.CH(NH,) 

KOCN 

COOH 

= 0H.C,H4.CH8.CH — NH CO 

(!:ook H,ij 

Uramido hydroxy phenyl propioiitc acid 


OH.CgH^CHj.CH.NH.CO 


::o~ 


Tyrosme hydantoin. 


-NH 


Leucine, — The filtrate from the tyrosine is further concentrated 
on the water-bath to a small bulk, when on cooling a quantity 
(about 20 grams) of crude leucine in the form of a brown, crystalline 
crust separates, and is collected on a filter and dried on a porous 
plate. It is converted into the ester hydrochloride as follows : 
the dry material is dissolved in 120 c.c. absolute alcohol and saturated 
with hydrogen chloride (p. 362). The alcohol is removed by distilling 
under reduced pressure at a temperature not exceeding 40^ in the 
apparatus shown in Fig. 94 (p. 342). The same quantity of alcohol 
is added, saturated with hydrogen chloride, and removed as before. 
The residue, which consists of the ester hydrochloride of leucine and 
small quantities of other amino-acids, is converted into the free 
ester in the following w^ay : it is dissolved in about one-quarter 
its volume of water, to which an equal volume of purified ether is then 
added. The liquid is well cooled in a freezing mixture and a cooled 
33 per cent, solution of caustic soda is slowly added until the liquid 
is just alkaline, and then an equal volume of a saturated solution 
of potassium carbonate. The mass is now well shaken and the ether 
decanted. In this way the ester, which is rapidly hydrolysed by 
alkali at the ordinary temperature, is liberated from the hydro- 
chloride without decomposition and dissolves in the ether. The 
residue kept in the freezing mixture, a fresh quantity of ether, 
more CAtistic soda solution, and sufficient solid potassium carbonate 
to lattn a pasty mass are added in succession, shaken up thoroughly 
the ether decanted. The residue is extracted two or three 
with fresh ether, and the united extract, freed as far as possible 
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from water, is shaken up for a minute with solid potassium carbonate 
and then dehydrated overnight with anhydrous sodium sulphate. 
The ether is removed on the water-bath and the residue distilled at a 
pressure not exceeding 15 mm. The colourless liquid, which distils 
at 80 — 100®, has an ammoniacal smell and is nearly pure leucine 
ester. Yield, 10 — 15 grams. The ester is readily hydrolysed by 
boiling with five times its weight of water with reflux condenser until 
the alkaline reaction disappears (about an hour). The liquid is then 
concentrated on the water-bath, until crystals separate on the 
surface, and cooled. The leucine may be recrystallised from dilute 
alcohol or dissolved in the smallest quantity of hot water and alcohol 
added until a turbidity appears. It forms small glistening plates, 
which melt and sublime at See Appendix , p. 472. 


Preparation 200. 

CIIgNHg-HCl 

Glycine Ester Hydrochloride (from Gelatine), I 

CO.OQHg 

Mix 100 grams commercial gelatine or size with 300 c.c. con- 
centrated hydrochloric acid and shake until the gelatine is nearly 
dissolved ; then add a few fragments of porous pot and boil over 
wire -gauze with reflux condenser for four hours. The dark-coloured 
product is now evaporated on the water-bath under diminished 
pressure in the apparatus shown in Pig. 94. 

It consists of two distilling flasks (i litre) fitted together by 
rubber corks, the one acting as distilling flask and the other as 
receiver. The receiver, which is cooled by a stream of water, is 
attached to a water-jet aspirator. A long capillary, w'hich nearly 
touches the bottom of the flask, is inserted through the cork of the 
distilling vessel. It serves to agitate the liquid by introducing a 
stream of fine air-bubbles which keep it in constant motiem. When 
the water is removed as far as possible, the residue, which forms, on 
cooling, a thick viscid mass, is mixed with 500 c.c. absolute alcohol. 
It is heated on the water-bath with reflux condenser for a short time 
with the addition of a little animal charcoal and filtered. The 
alcoholic solution is cooled in ice and saturated with dry hydrogen 
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chloride (see p* 362). The liquid is then boiled for half an hour on 
the water-bath, cooled, and, after dropping in a crystal of the 
substance, left overnight. Glycine ester hydrochloride crys- 
tallises in colourless needles (m. p. 144°) and is filtered and washed 
with a little alcohol. Yield, 10 — 15 grams. 

Uramidoaeetic ester. — ^Dissolve i gram of the glycine ester hydro- 
chloride in I c.c. of water and 07 gram of potassium cyanate in i c.c. 



Fig 04 


of water, mix the two solutions and concentrate on the watcr-hath 
till crystals begin to appear. On cooling, uramidoacetic estc? 
separates in octahedra or prisms. It may be recrystallised from 
alcohol; m.p. 135°. 

CH,.NH„ HCl CH, NH CO NH, 

-f KOCN -- I -f KCl. 

OOCjjHg COO.CJfs 

Glvtnn’ ester Uramuloact tic 

hyclrochlonde. ester, 

Hydantoin.— On heating on the water-bath with 25 per cent, 
hydrochloric acid' for a quarter of an hour uramidoacetic ester h 
converted into hydantoin, which crystallises on cooling; m.p. 
217 — 219°, (Harries and Weiss). 


CH,.NH.C0.NH2 CHg NIf.CO 

I "= J I + 

COO.CjHj CO KH 

Hydantoin. 


CjHj OH. 
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If the heat in" is continued, hydantoin is hydrolysed and gives 
glycine hydrochloride. 

Other hydantoins may he obtained in the same way from the 
amino-acid ester hydrochloride or the amino-acid (p, 340). 


Preparation 201. 

Glycine (from Potassium phthaiimide), CH2(NIl2).COOH. 

Gabriel, Kroseberg, Her,, i 88 g, 22 , 426. 

JO grams potassium phthaiimide ^ 

6*5 „ monochloracetic ester. 

Heat together in the oil-bath at 150"^ and with reflux (ondenser 
10 grams of potassium phthaiimide and 6*5 grams of chloracetic 
ester, and stir occasionally with a glass rod to thoroughly mix the 
material. After half an hour the mass becomes pasty, and oj \ cooling 
is dissolved in hot 50 per cent, alcohol. Filter the product, w^hen 
cold, and wash first with cold 50 per cent, alcohol and then with 
water to remove potassium chloride. The yield is 6 — 8 grams. 
After crystallisation from dilute alcohol, it melts at 112 — 113°. 

+ CICH..COOC.H5 ^ 

Potassuirn ])hlhdlirmde. Chloracetic ester. 

t-'.H,<g’>iX.CH,.COOC,U5 f KCl. 

Phthabl gheme ester. 

In order to hydrolyse the phthalyl glycine ester, 2*5 grams are 
boiled with reflux for a short time with 1*2 grams of potassium 
hydroxide in 12 c.c, of water. The ester passes into solution. 
Cool and add 2*2 c.c. of cone, hydrochloric acid. On standing a 
short time, colourless crystals of glycine pbthalic acid separate. 
Filter and wash with ice-cold water until the filtrate no longer 
gives the reaction for chlorine. 

C.H,<cq>N.CH,.CCX>C,H, + 2 KOH = 

CeH.<cQ^H CHj.COOK + 

* See p. 2 71 . The potassium salt is prepared by dissolving 10 parts of 
the powdered phthaiimide in thirty times its weight of spirit, and adding 
7 parts of potassium hydroxide in 40 c.c. of alcohol and cooling. Wash 
wrth alcohol and dry over sulphuric acid in a desiccator. 
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Add now double the weight of 20 per cent, hydrochloric acid 
and boil in a reflux condenser with occasional shaking until a clear 
solution is obtained. The phthalic acid separates after two hours. 
Cool; dilute and evaporate the filtrate on the water-bath. Add a 
little cold water, filter from phthalic acid, and evaporate the filtrate. 
The glycine, which remains, is washed with a little alcohol and dried 
(Gabriel). See Appendix, p, 472. 

CH,.COOH + = C,H,(COOH), + NH..CH,.COOH. 

Glycine phthalic acid. Phthal c acid. Glycine. 


Preparation 202. 

Hippuric Add (from Urine and from Glycine), 

Preparation oi Hippuric acid from Urine.— To 20-30 c.c. of the 

urine of a herbivorous animal add milk of lime until on boiling it 



Fig. 95. — Hippunc acid crystals (after Funke), 

remains alkaline, filter from the white, flocculent precipitate and 
then concentrate the solution to about one-third of its original 
volume. On the addition of a little cone, hydrochloric acid to the 
cooled liquid, colourless needles of hippuric acid separate. After 
st^fiding for a short time the crystals are filtered and may be purified 
by recrystalHsation from a little hot water. They retain colouring 
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matter, which is difficult to remove. The yield from 30 c.c. of 
goat’s urine is about half a gram; m.p. 187—188®. 

Synthesis of Hippuric acid from Glycine. — Glycine, obtained as 
described above, may be used. Dissolve 0*75 gram of glycine in 
5 c.c. of water, add 1*25 grams of benzoyl chloride. Keep alkaline 
by occasionally adding a little sodium hydroxide solution, warm 
gently, and shake well until the smell of benzoyl chloride has dis- 
appeared. Add cone, hydrochloric acid until acid, and let stand a 
few hours. Filter and recrystallise from hot water. The yield is 
z gram; m.p. 187 — 188°. 

Preparation 203 . 

Phenylalanine, C6H6.CH2.CH(NH2).C00H. 

Fischer, Anleiiung zur Darstellung org. Prdparate, p. 87. 

Method 1 (from Malonic ester). 

4*6 grams sodium 
60 c.c. absolute alcohol 
32 grams malonic ester 
25 „ benzyl chloride. 

Dissolve 4’6 grams of metallic sodium in 60 c.c. of pure alcohol, 
and, whilst warm, add 32 grams of malonic ester. Cool to the 
ordinary temperature and add 25 grams of benzyl chloride in 
small portions and shake so that the mixture gradually becomes 
hot. Heat the mixture for twelve hours on a water- bath. Test 
the product, which should be neutral to litmus, by withdrawing a 
small sample, and adding water. Remove as much alcohol as 
possible on the water-bath, add a little water until the solid is 
■dissolved and extract with ether. Dehydrate the ether solution 
with fused calcium chloride, remove the ether and distil the ester m 
vacuo. The yield of crude ester is about 36 grams. At about 20 mm. 
it boils at 185 — 190"^. The yield is about 25 grams. To saponify 
the ester, heat it on the water-bath with a solution of potassium 
hydroxide (made by dissolving 12 grams of the hydroxide in 12 
•c.c. of water, and adding enough alcohol to give a clear solution). 
Heat on the water-bath for several hours, when saponification should 
be complete. This is determined by withdrawing a sample, and 
adding water, when a clear solution should be obtained. To remove 
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any unchanged ester add water and shake out once or twice with 
ether. Add sufficient cone, hydrochloric acid until acid to Congo-red 
paper and cool, and extract the benzylmalonic acid several times 
with small quantities of ether. Dehydrate the ether over fused 
sodium sulphate, distil off most of the ether, pour out the residue 
into a basin and remove the remainder of the etlier on the water- 
bath. On standing, the substance crystallises in glistening crystals ; 
m.p, ii8°. Recrystallise from benzene. The yield is 9 to 10 grams. 

-f NaCH(COOC 2 H,), -- CeH,.CH,.CH(COOC,HB)a + NaCl 
C«H6CHg.CH(COOCaHa)5 4 2KOTI r.: 

CeH 6 CH 2 CH(COOK )2 4 2 HCI - C^H5CH2.CH(C001I)2 4 2 KCI. 

Ten grams of benzylmalonic acid are dissolved in 60 c.c. of dry 
ether and 10 grams (3*3 c.c.) of bromine gradually added. I^xposed 
to daylight, the bromine disappears rapidly at first and hydrogen 
bromide is evolved. Towards the end of the reaction the liquid 
retains the brown colour of the bromine. After standing halt an 
hour, the ether solution, with the addition of a small quantity of 
water, is treated gradually with sulphur dioxide until, on shaking, 
the colour disappears ; the ether layer is then removed, washed 
with a little water, and then carefully evaporated, and the solid 
residue (16 to 18 grams) crystallised from hot benzene. The 
yield is about 12 grams; m.p. of the anhydrous acid 137®. 
'fhe moist henzyibromomalonjc acid is now heated in the oil-bath 
to 125 — 130°, whereby carbon dioxide and a little hydrogen bromide 
are evolved. After three-quarters of an hour the reaction is com- 
plete, and the residual yellow oil is washed with water, dissolved 
in ether, and after dehydrating over anhydrous sodium sulphate, the 
ether is removed. The residual, mobile and nearly colourless oil 
is dissolved in five times its weight of 25 per cent, aqueous ammonia, 
and left for three to four days at the ordinary temperature. On 
evaporation, the residue consists of ammonium bromide and phenyl- 
alanine. On extractong with boiling alcohol, the amino-acid remains 
undissolved. One crystallisation from hot water yields a pure 
product. The yield is about 4 — 5 grams (Fischer). 

CftH6CHa.CH(COOH), 4 Br, C„H5CHa.CBr(COOH)2 4 HBr 

C4HfiCHj.CBr(COOH)2 ^ CeH^CHa.CHBr.COOH 4 COg. 

CeHfiCHjj.CHBr.COOH 4 2NH^OH - CeH5CHi.CH(NH2)COOH + 

NH4Br 4 HjO. 
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Method II (from Benzaldehyde). 

Erlenmeyer, jtin. Annalen, 1893, 275 , i ; 1899, 807 , 70, 163. 

16-5 grams hippuric acid 

8*2 ,, sodium acetate (fused) 

10*6 „ benzaldehyde 

31 ,, acetic anhydride. 

Heat on the water-bath 16*5 grams of hippuric acid^ 8*2 grams of 
fused sodium acetate, 10*6 grams of benzaldehyde, and 31 grams of 
acetic anhydride. The thick mass turns yellow and partly liquefies 
before again becoming semi-solid. Heat for three-quarters of an 
hour, cool, wash with a little cold water and filter; then rub with 
alcohol and again filter. 1 ransfer to a basin, heat with a little hot 
water to remove sodium acetate, and filter and wash at the pump 
with hot water. The yield is 16 grams; m.p. 166—167°. This is 
the lac'timide of benzoylaminocinnamic acid 

/NH.CO.C.H, /N.CO.CJi, 

C'eHs.CHO -h H/X =- C«IL.CH:C< | + 

\COOH \CO 

I^actimidc of bcnzoylrimtnocinnamic acid. 

To convert it into acid, suspend 15 grams of the lactimide in 
1500 c.c. of water, add 3 grams of sodium hydroxide in 30 c.c. of 
water, £uad heat on the water-bath until the whole of the substance 
has dissolved. The process may last an hour or more. Acidify 
the hot solution with hydrochloric aoid, which precipitates the 
bcnzylaminocinnamic acid in colourless prisms, wLich, after re- 
crystallisation from alcohol, melt slowly at about 210°. The 
yield is 14 grams. To reduce the acid, suspend the finely powdered 
substance in ten times its weight of water and add gradually rather 
more than the cak'ulated amount of 2 per cent, sodium amalgam 
(i gram of acid = 9 grams of amalgam). When the amalgam has 
completely decomposed, filter from the mercury, heat the reduced 
product, which is in solution as the sodium salt, on the water-bath> 
and fractionally precipitate with hydrochloric acid in approxi- 
mately three fractions. The first fraction, which contains the bulk 
of the reduced acid, melts below 180°. The fraction of higher 
meltmg point contains more of the unreduced acid and may be 
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further treated with sodium amalgam; but an excess should be 
avoided, as uncrystallisable by-products are formed. 

The reduced acid is separated from the unreduced portion by 
converting the latter into the lactimide with acetic anhydride, 
the lactimide being insoluble in sodium carbonate. 

Dissolve the dry, powdered product in a little acetic anhydride 
by heating on the water-bath. On cooling and adding water, 
the acetic anhydride goes slowly into solution and the yellow 
lactimide, mixed with the colourless reduced acid, solidifies and is 
filtered and washed with water. Warm the precipitate on the 
water-bath with sodium carbonate solution. The acid dissolves 
completely, leaving the lactimide. Filter and precipitate the 
filtrate with hydrochloric acid. Filter and wash w^ell with cold 
water to remove the acid and crystallise from alcohol. The yield 
from lo grams is about 6 grams of pure acid ; m.p. 184 — 185° (corr. 
(86—187^). 




Beiucoylanuuocinnamic acid. 


Benzoylaminophf nylpropionic acid. 


To hydrolyse the benzylammopropionic acid, boil with 125 
times its weight of 10 per cent, hydrochloric acid for eight hours, 
when the organic acid passes gradually into solution. Some 
benzoic acid crystallises on cooling and is removed by filtration. 
The filtrate is concentrated and the remainder ol the benzoic acid 
extracted with ether. The solution is then evaporated to dryness 
on the water-bath. The residue is phenylalanine hydrochloride. 
To separate the phenylalanine, dissolve the dry hydrochloride in 
a little ammonia, and drive off the excess of ammonia on the water- 
bath. On concentrating the solution, the phenylalanine crystallises, 
on standing, in colourless plates. The yield is nearly theoretical 
(Erlenmeyer). 

* 

+ H,0 + HCl = 

+ C.HcCOOH, 

Phenylalanine hydrochloride Benzoic acid. 
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Preparation 204. 

teuclne (from Isoamyl alcohol), (CH3)2CH.CH2.CH(NH^)COOH. 

Fischer, AnUitung zur Darstellung org. PrdparatCt p. 86. 

80 grams isoamyl alcohol 
100 potassium (or sodium) dichromate 

1000 c.c. water 
72 „ cone, sulphuric acid. 

Mix together in a round flask (2 litres) attached to a reflux con- 
denser 100 grams of potassium dichrom^te, i litre of water^ and 
72 c.c. of cone, sulphuric acid, warm to 90° on the water-bath and 
drop in gradually 80 grams of isoamyl alcohol. The product is 
then distilled, and the isovaleric aldehyde shaken in a tap-funnel 
with dilute sodium hydroxide solution, and, after removing the alka- 
line solution, with cone, sodium bisulphite solution. The crystal- 
line mass is filtered and pressed and then distilled with sodium 
carbonate solution, whereby the valeric aldehyde distils. Add to 
the valeric aldehyde strong ammonia and shake well. Valeric 
aldehyde-ammonia separates in crystals. These are filtered and 
washed with water, and about 30 grams of the crystals are suspended 
in about their own weight of water, cooled and 14 c.c. of 50 per cent, 
hydrocyanic acid ^ gradually added. After standing for eight 
hours, with frequent shaking, add a mixture of 160 c.c. of cone, 
hydrochloric acid and 80 c.c. of water, whereby a precipitate is 
formed. On long boiling, the precipitate dissolves. Add a further 
80 c.c. of water and boil again. Evaporate on the water-bath to 
remove hydrochloric acid and add 25 c.c. of water. Saturate with 
ammonia and after cooling filter the leucine and wash with cold 
water to dissolve out the ammonium chloride. The yield is about 
10 grams. To remove colouring matter it may be dissolved in a 

^ This is prepared by distilling, in a good draught chamber and with 
great caution, 100 grams of coarsely powdered potassium ferrocyanide 
with a mixture of 40 c.c. cone, sulphuric acid and 140 c.c. water. A 
long, well-cooled condenser should be used, the end of which is attached 
air-tight to a receiver with a double tubulus, the second tubulus being 
provided with a long glass tube reaching to the flue opening. The 
receiver should be placed in ice. About 15 c.c. of hydrocyanic acid 
which distils will be of approximately 50 per cent, strength. 
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lai^e amount of hot water, boiled with animal charcoal, and filtered. 
It melts at 170° and sublimes. 


3C.H„0H + KjCrjO, + 4H,SO* = 

3C,H,.0 + K,SO. + Cr,(SO,), + 7H*0 

CjH„0 + NH, = (CH,)j.CH.CH,.CH<g^j^^ 

(CH,>,CH CH,.CH<®“^ + HCN = (CH3),CH.CII,.CH<™^ 

(CH.IjCH.CH, CH<^^ + 2H3O + 2HCI = 

(CH3)j^H.CHj.CH(NHj.Ha)COOH + NH^Cl 
(CHj)XH.CHj.CH(NHjHCl)COOH + NH, 

(CH,),CH.CH3.CH(NHj)COOH + NIIjCl. 


Properties . — Inactive leucine prepared synthetically dissolves 
in 106 parts of water at 15^ and is converted with nitrous acid 
into an hydroxycaproic acid, ni*p. 54*5°. 


Preparation 205. 

Glutamic Acid (Aminoglutaric Acid) (from Gluten), 

COOH.CH2.Cll2.rH(NH2)COOn. 

Ritthausen, J. prakt. them., 1866, 99, 0, 454. 

100 grams gluten 

300 c.c. cone, hydrochloric acid. 

Knead in a large basin under a slow -running stieam of water 
400 — 500 grams of flour. The starch is gradually removed and a 
sticlcy, yellowish mass of gluten remains. The process of kneading 
is continued as long as the water appears milky and the gluten 
contains lumps. IJry the gluten as far as possible on the water- 
bath, after squeezing out most of the water. 

The gluten and-' hydrochloric acid are mixed in a i litre 
round flask and warmed on the water-bath until the gluten is 
dissolved. The solution is then boiled over wire-gauze with reflux 
for five to six hours. It is diluted with an equal volume of hot 
water; filtered and the black residue (humus) washed with hot 
waiW until the filtrate is nearly colourless. The filtrate and 
wal^gs are decolorised by warming on the water-bath with 
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about 20 grams of animal charcoal and again filtered. The 
filtrate is now evaporated on the water-bath under diminished 
pressure (see p. 342) to 150 — 200 c.r. The concentrated solution 
is saturated with hydrochloric acid gas and left in the ice chest 
for a day. A solid mass of glutamic acid hydrochloride crystals 
separates, mixed with ammonium chloride. An equal volume of 
cold spirit is added and the crystals are filtered, washed with ice- 
cold absolute alcohol and dried on a porous plate in a desiccator 
over solid caustic soda. Yield, 35 to 40 grams. 

To purify the crude product it is dissolved in the minimum 
quantity of water, cooled in ice and saturated with hydrochloric 
acid gas. After standing for some hours in the ice-chest, cold 
alcohol is added and the crystals are filtered. They are washed and 
dried as before. Yield, 16 — 20 grams. They form triclinic plates, 
m.p. 193— 1 94^ 

In order to prepare the free glutamic' acid the hydrochloride is 
dissolved in the least quantity of water, and for each gram of the 
salt, 5*5 c.c. of normal caustic soda solution are added. The solu- 
tion is evaporated at 40 — 50° under diminished pressure to a small 
volume (about 75 c.c . for 15 — 20 grams of salt) and left in the 
icc-chest to crystallise. The (r)^stals are filtered and w^ashed 
w^ith a little cold w^ater. Glutamic acid cr}'stallises in rhombic 
tetrahedra, m.p. 212 — 213°. The yield is about 10 grams. 


PrEPARVTION 20fi. 

s.CH2.rii(Nn,>u'OOH 

Cystine, | 

S.CH 2 .CH(NH 2 ).C 0011 

Morner, Zeit. physiol, Chem., 1899, 28 , 599; 1901. 34 , 207; 1904, 

42 . 347- 

250 grams hair ^ (or wool free from grease) 

500 c.c. cone, hydrochloric acid. 

The acid is placed in a litre round flask and heated on the water- 
bath,* the hair or wool being added in portions of 50 grams and 

* Human hair can be obtained from the sweepings of a hairdresser’s 
shop and is preferable to wool. 
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well shaken after each addition. The mixture is then boiled with 
reflux condenser for five to six hours or until it no longer gives the 
biuret test. Whilst still hot it is partly neutralised with caustic 
soda solution and finally excess of sodium acetate is added to 
remove the free hydrochloric acid^ Congo-red paper being used as 
indicator. It is allowed to stand overnight and the brown precipi- 
tate filtered through a porcelain funnel. This precipitate, which 
consists of cystine together with solid impurities, is transferred to a 



Fig. 96 — Cystine crystals (after Inmke). 


porcelain basin and boiled with 150 c.c. of 20 per cent, hydrochloric 
acid and filtered. The process is repeated with another 100 c.c. 
of acid. The combined filtrates are boiled with 10 — 15 grams of 
purified animal charcoal and filtered. The clear and almost colour- 
less filtrate is mixed with a hot concentrated solution of sodium 
acetate and left till quite cold. The cystine which separates is 
filtered, washed with cold water, then with spirit and dried on a 
porous plate. The yield is 15 — 18 grams. It may be purified 
by crystallisation from hot water, and forms colourless, hexagonal 
plates. 

Cystine is readily soluble in mineral acids but insoluble in acetic 
acid. It also dissolves in dilute alkalis and ammonia. It is de- 
composed on boiling with lead acetate, lead sulphide being preci- 
pifkted. 
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Preparation 207. 


Tryptophane, 


]CII,.CH(NHgX^OOH 

\A/ 


NH 


F. G. Hopkins and E. C. Grey (Private Communication). 

Rub up 200 grams of casein powder with a portion of 2 litres of 
water and wash the mixture with the remainder into a Winchester 
quart bottle or large jar. Add 16 grams of anhydrous sodium 
carbonate in small quantities or 100 c.c. of A'-caustic soda and 
shake up, and finally add 40 grams of fresh, minced pigs’ pancreas 
and 15 c.c. of toluene and fill up the bottle nearly to the neck, 
(brk the bottle and place it either in a water-bath or an incubator 
maintained constantly at 37®. After twelve hours, remove the cork 
for a moment and then shake to ensure thorough mixing. In 
twenty-four hours the whole of the casein will be dissolved. Another 
10 grams of minced pancreas are added and the digestion is continued 
for five days in all. The digest, to which bromine water is added, 
should now give an intense purple colour if the decomposition 
has proceeded normally. Otherwise it is useless to continue. 
The liquid is now poured into a large basin and heated rapidly to 
80°, but not above that temperature, whilst 100 grams of kieselguhr 
are stirred into the mixture. As soon as the digest has reached 80® 
the heating is stopped and the solution rapidly filtered through a 
porcelain funnel with filter paper covered with a thin layer of 
kieselguhr. The filtrate is immediately poured on to ice, so as to 
lower the temperature to 5®, Meantime the following solutions 
should be prepared : 

1. 30 grams of mercuric sulphate in 50 c.c. of cone. H2SO4 and 
500 c.c. of water. 

2. 50 c.c. of cone. H2SO4 diluted with 200 c.c. of water. 

As the mercuric sulphate dissolves with difficulty it will be 
found necessary to heat the solution and to add the cone, sulphuric 
in three times its volume of water to begin with and then to add 
the remaining 350 c.c. of water. It is essential that the solution 
should be clear. 

Cohen’s p. o, c, a a 
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The solutions (i) and (2) being well cooled, 4^2) is added to the 
filtered liquid, which should still contain ice, and immediately after- 
wards (i) is added and ice should be present until the mercury 
precipitate has settled. Tht operation, from heating the digest 
to precipitation of the mercury compound, should not exceed halt 
an hour and should be carried out the last thing at night, the object 
being to avoid the action of the acid on the free tryptophane (which 
it rapidly decomposes at room temperature) prior to precipitation . 

The next steps must be carried out in the course of one day, the 
following materials being required : about 50 cx. of alcohol distilled 
over barium oxide, a good vacuum distilling apparatus with an 
inlet capillary for introducing alcohol during the distillation (see 
Fig. 94, p. 342), a saturated solution of barium hydrate, porcelain 
funnels with kieselguhr filter and 50 c.c. of lo per cent, sulphuric 
acid. 

The mercury precipitate, after decanting the supernatant liquid, 
is transferred to a porcelain funnel and any cracks which form in 
the precipitate on the funnel are smoothed over. The mass is 
washed with five portions of 10 c.c. of dilute II2SO4 and then with 
five washings of 10 c.c. of distilled water as rapidly as possible. 
This should be completed in a quarter of an hour, llie precipitate 
is quickly removed to a basin and rubbed into a thorough emulsion 
with water. The saturated baryta solution is added until the 
emulsion gives an alkaline reaction to litmus, and then transferred 
to a flask and treated with a rapid stream of The volume 

of fluid will be about 400 c.c. After an hour it may be necessary 
to add more baryta to keep the solution alkaline (a large excess is 
to be avoided). At the"^ end of two hours, the solution is filtered 
from the black precipitate, which is again emulsified with water 
and the HgS again passed through for another hour. Meanwhile, 
the first filtrate is evaporated in mcm; but before doing so the 
liquid must be completely freed from baryta and sulphuric acid. 
This is carried out as follows: a series of test-tubes is prepared 
containing a minute quantity of kieselguhr and a further series 
each containing a small funnel and filter-paper, To the solution, 
which is probably acid to litmus, bar3rta solution is added until 
the yellow colour changes to a green tint* At this point the solution 
obtains a trace of baryta. A little sulphuric acid is added so that 

•^1 y 
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the solution is just acid, and then a little baryta until alkaline, 
and so on, each addition being smaller than the preceding one. To 
test the solution after each addition, a few cx. are added to one 
of the kieselguhr *tubes, shaken up and filtered. The filtrate is 
divided into two portions, barium chloride added to one and sul- 
phuric acid to the other, when no cloudiness should be apparent 
on standing for a few minutes. The liquid is now distilled in a good 
vacuum, a little alcohol being run in through the capillary, the 
object of which is partly to prevent bumping and partly to preserve 
the tryptophane. The tryptophane which separates is at first colour- 
less, but as the solution becomes concentrated the tryptophane 
acquires a straw colour. The solution is taken almost to dryness 
when the flask is removed, and heated for a few minutes on the 
water-bath at loo® with the addition of lo — 20 c.c. of water and 
2 — 3 C.c. of alcohol. The whole should not be allowed to dissolve, 
but when only a small quantity of solid remains, poured into a 
dish, when the tryptophane crystallises. After standing for a short 
time, it is filtered and dried m vacuo. The yield is about 2 grams. 
If at the above stage the substance is completely dissolved or too 
much alcohol is used, a syfup may result w^hich does not crystallise. 
In that case it must be evaporated to dryness in vacuo and the 
prcK'ess repeated. The impure tiy^ptophane, which still contains a 
little tyrosine and cystine » is shaken with water in excess of that 
required to dissolve the tryptophane, when the two latter separate 
as a grey powder. The filtered solution is mixed with one-third its 
volume of pure alcohol anifi evaporated in vacuo. The residue 
crystallises in fine needles or 4 plates. The yield of purified product 
is about 1 gram. 


pREP-^ATION 208. 

Tyramine Hydrochloride (/>-yydroxyphenylethylamine hydro- 
chloride), 

I. p-Nitrobemyl eyilde, * 

Salkowski, Btr., 1884, 17 , 503.* pbertson, Stieglit*. /. Amer. Chtm, 
Sac., ig2t, 48 , 180. 


AAa 
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50 grams benzyl cyanide (see p, 230) 

137 cx* cone, nitric acid (sp. gr. 1*42) 

137 „ cone, sulphuric acid (sp. gr, VS4), 

The two acids are mixed together in a 1 litre round flask^ fitted 
with a dropping funnel, stirrer and thermometer and cooled in 
ice. The stirrer is put into action, and when the temperature is 
below 10®, the benzyl cyanide is run in drop by drop so that the 
temperature does not rise above 20®. At the end of an hour the 
benzyl cyanide should have been added, when the ice -bath is 
removed ; but the stirring is continued for another hour. The 
product is then poured on to about 500 grams of crushed ice, when 
a pasty mass separates. It is drained at the pump and well pressed 
to remove adhering oil. The solid s crystallised three times from 
boiling purified spirit in order to obtain the pure nitro-corapound 
which melts at 116 — 117®. The yield is 34 grams (70 per cent.) 
The oily portion consists of a mixture of ortho, meta and para 
isomers. 

C,H,.CH,CN + HNO, = + H.O. 

Praperttes , — ^-Nitrohenzyl cyanide is a pale yellow solid, which 
crystallises from alcohol in needles, m.p, 116 — 117®. 


II. /T-Aminobenzyi cyanide, ^ 

Fnedlander, Ber., 188^, 17 , 237; I^schorr, Wolfes, Buckow, Ben, 
1900, 33 , 1^0 

16 grams ^-nitrobenzyl cyanide 
22 „ granulated tin 
200 ex. absolute alcohol. 

The above substances are mixed in a litre round flask and stirred 
mechanically whilst 100 c.c. of cone, hydrochloric acid are dropped 
in at such a rate that the temperature does not rise above 25®. 
When most of the tin has dissolved, the temperature is raised to 
50® by warming on the water-bath (the stirring being continued) 
until a test portion gives a pale yellow solution on the addition of 
caustic soda solution. The alcol^ol is then distilled from the water- 
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bath under reduced pressure^ when the chlorostannate of the base 
separates. It is dissolved in a little water, and caustic soda solution 
added until the stannic hydrate redissolves, leaving a thick emulsion 
of the amino-compound. The latter is extracted with ether, the 
ether removed and the residue crystallised from spirit. It crystal- 
lises in colourless plates, m,p. 45 — ^46°. Yield, 9—10 grams. 

N08.CeH4.CHaCN + iJSn 6HC1 = HjN.CeH^.CH.CN 4- iJSnCl^. 

Properties , — ^-Aminobenzyl c)ranide is soluble in the ordinary 
organic solvents and also in hot water. 


Ill, /^-Hydroxybenzyl cyanide, CeH4<Q ^ 

Salkowski, Her., 1884, 17 , 506; 1889, 22 , 2139; Pschorr, Wolfes, 
Burkow, Ber., 1900, 23 , 170. 


10 grams /)-aminobenzyl cyanide 
6 ,, sodium nitrite (m 50 c.c. of water) 

30 c.c. cone, sulphuric acid 
300 ,, water. 


The water and acid are mixed and heated in a litre round flask, 
provided with a thermometer and dropping funnel, both of which 
reach almost to the bottom of the vessel, which also has an outlet 
tube. When the liquid is almost boiling, the ammo-compound is 
added. At first the solid sulphate of the base separates, which 
then redissolves. The nitrite solution is then gradually added, with 
occasional shaking, through the funnel in the course of fifteen 
minutes, whilst the temperature is maintained at 95 — loo*^. 
Fifty c.c. of water are then sidded and the dark-coloured liquid is 
decolourised by boiling with 5 ^o 10 grams of animal charcoal. The 
filtrate is cooled and extracted jtwice with ether. The ether extract 
is washed with 30 to 40 c.c.|oi a saturated solution of sodium 
bicarbonate and then with an lequal volume of water. It is then 
distilled, first on the water-batli to remove the solvent, and finally 
over the flame under reduced Wessure without condenser. The 


product boils at 190 — 197° at 15' 
crystalline solid. The yield is 

H-NXeHXHXN -f NaNO, 4 


. and solidifies to a light brown, 
to 5 grams; m.p. 68 — 71°. 

SO4 « 
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IV. lyramine Hydrochloride, (EO)C^}J^£n^£E..m2MCl 

Fourneau, Prifavation des nMicamenis organiques^ p, 318. 

3 grams /)-hydroxybenzyl cyanide 
6 3, sodium 
54 c,c. absolute alcohol. 

The hydroxy-compound is mixed with 30 c.c. of the alcohol in a 
500 c.c. round flask connected to a reflux condenser, and the 
mixture boiled on the water-bath. The sodium is then added in 
small pieces, allowing an interval of about five minutes between 
each addition. The mixture is then heated for another half-hour 
and 12 c.c. more alcohol are added to aid the solution of the sodium. 
After further heating for fifteen minutes, the remainder of the 
alcohol (12 c.c.) is added. When the sodium is completely dis- 
solved, forming a brown solution, part of the solvent is distilled 
under reduced pressure, and the residue (30 — 40 c.c.) when cold 
mixed with dilute hydrochloric acid until acid to litmus. It is 
extracted with ether fioo — 120 c.c.) to remove any cresol which 
may be formed, and the aqueous layer is then rendered alkaline 
with sodium carbonate and extracted twice with amyl alcohol 
(90 c.c. each time). The alcoholic extract is washed three times 
with normal hydrochloric acid (using Oo c.c. each time), and finally 
with 60 c.c. of water. The acid and aqueous extracts (containing 
the tyramine hydrochloride) are evaporated almost to dryness 
under reduced pressure on the water-bath. The residue is treated 
with 15 c.c. of absolute alcohol and i c.c. of cone, hydrochlonc 
acid, warmed to dissolve it and filtered hot. The filtrate is boiled 
with animal charcoal and again filtered. On cooling, colourless 
microscopic needles of tyramine hydrochloride are obtained. Yield, 
I gram ; m.p. 260 — 270°. 
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Aluminium Chloride. — The aluminium chloride which has been 
kept for a time usually contains more or less hydroxide, due to the 
action of moisture, and unless recently prepared should be sublimed 
in a current of hydrochloric acid gas dried through a wash-bottle 
of sulphuric acid. The aluminium chloride is placed in a wide 
combustion tube, which is attached at one end to the hydro- 
chloric acid inlet tube and at the other to a wide-necked bottle 
furnished with a double-bored stopper. Through one hole in the 



stopper the end of the edmbustion tube is inserted whilst the 
other is furnished with an outlet tube fitted with a calcium chloride 
tube for conducting away tlA excess of acid gas to the flue of the 
fume cupboard. The apparatus is placed in an ordinary combustion 
furnace as shown in Fig. 97 . 1 

A fairly rapid current of hVdrochloric acid gas is passed through 
the tube, which is gently hmted. The stopper of the bottle is 
protected from the burners ll' a sheet of asbestos; at the same 
time, it should be pushed asinear as possible to the furnace so 
that the aluminium chloride tublimes into the bottle and does 
not block the tube (Gattermain, Practical Methods of Organic 
Chemistry . 
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Dimethyl Sulphate. — Two hundred grains of chiorosulphonic 
acid are placed in a i-litre distilling flask (losed with a cork 
furnished with a thermometer and dropping funnel. Both the 
thermometer and the end of the funner(drawn out into a capillary) 
must reach below the surface of the liquid. The side-tube of the 
flask is attached to a calcium chloride tube. The liquid in the 
flask is cooled in a freezing mixture below o® and 54 grams of pure 
methyl alcohol are gradually added from the tap-funnel with 
frequent shaking, the temperature being maintained below 5°. 
The hydrochloric acid gas which is evolved is absorbed in water 
in such a way that the water does not run back into the flask 
(see p. no). When the alcohol has been added the mixture is 
left overnight. It is then distilled in vacuo (15 — 20 mm.) from an 
oil-bath at about 150 — 160°. The receiver is cooled in ice-water 
and the distillate collected until the thermometer indicates 140'^* 
The distillate is shaken with ice-cold water, then with very dilute 
sodium carbonate and finally with ice-cold water. It is dried over 
calcium chloride. The yield is about 80 grams. It boils at the 
ordinary pressure at 180° with slight decomposition and at 95° 
at 15 mm. Dimethyl sulphate is extremely poisonous, and great 
care should be exercised in its use, especially in breathing the 
vapour (Ullmann, Annalen^ 1903^ 327 106; Or^. chem, Prakt., 

p- 157)- 

Hydrogen Chloride (Hydrochloric Acid gas). — A filter flask (| litre) 
is fitted with a rubber cork, through which a tap-funnel is inserted. 
The flask is filled one-third full of concentrated hydrochloric acid 
and is attached to a wash-bottle containing a little concentrated 
sulphuric acid. A delivery tube is attached to the wash-bottle. 
The hydrogen chloride is generated by dropping concentrated 
sulphuric acid from the tap-funnel into the flask containing the 
hydrochloric acid. As the gas is 01 ten rapidly absorbed by the 
liquid, which may in consequence run back into the wash-bottle, 
it is advisable to run in the acid rather more quickly at the begin- 
ning than is necessary later on and to generate the gas for a short 
time before passing it into the liquid, or preferably to use a wash- 
bottle with safety tube, as shown at a. The apparatus is shown 
in Fig. 98. 

Hydroln*omic Aeid. — Mix together 27 c.c. of bromine, 100 c.c. of 
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water and add 300 grams of broken ice. Pass in sulphur dioxide 
from a syphon until the liquid assumes a homogeneous light yellow 
colour. This is distilled and the portion boiling at 125—126** 
collected. The yield is about 480 grams. It contains 47 per cent, 
of HBr and has a sp. gr. of 
1*49 at IS*". 

Hydriodio Acid is conveni- 
ently prepared, according to 
Gattermann, as follows : A 
small round flask (100 c.c.) 
is provided with a tap-funnel 
and delivery-tube, the latter 
being attached to a U-tube 
as shown in Fig. 99. The 

U-tube is filled with broken ^3 

glass or pot, which has been 

coated with amorphous phosphorus by rubbing it in the phosphorus 
slightly moistened with water. The flask is first detached from 
the U-tube and funnel, and 44 grams of iodine introduced.* Four 
grams of yellow phosphorus, cut in small pieces, are then added. 



The phosphorus must be cut under water, brought on to filter-paper 
with, crucible tongs, pressed for a 
moment, and transferred with tongs 
to the flask. Each piece of phos- 
phorus as it drops m produces a 
flash. When the phosphorus has 
been added a dark-coloured liquid 
is obtained, which solid i^cs on 
cooling, and consists of PTg^ The 
flask, when cold, is closed mih its 
cork, and the delivery tube! from 
the U-tube is inserted looseljr into gg^ 

the neck of a small flask i con- 
taining 50 c.c. of water, so I that the open end of the delivery- 
tube is above the surface ofilhe water. It is kept in position 
by a wedge of cork fixed in the neck. Ten c.c. of water are 
now added gradually from ike tap-funnel. Hydriodic acid is 
evolved; and after ^ing hem from iodine m the U-tube is 
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absorbed by water* When the water has been added the liquid 
is gently heated over a small flame until no more fumes issue from 
the delivery tube. The aqueous solution of hydriodic acid is 
distilled with a thermometer and the portion boiling at 125® and 
above is collected separately. It consists of strong hydriodic acid 
solution containing 57 per cent, of HI. A stronger solution may 
be obtained by passing the gas into ice-cold water until saturated. 

Phosphorus pentahrottdde* — A wide-mouthed glass jar of about 
a litre capacity is fitted with a rubber stopper carrying a sealed 
stirrer, a droppmg funnel, a thermometer and a reflux condenser, 
protected by a calcium chloride tube. Ydlow phosphorus (15*5 
grams) is weighed out directly into a flask containing 200 c.c. of 
dry carbon bisulphide (previously distilled over solid caustic potash), 
each piece of phosphorus (held by crucible tongs) being dried 
rapidly with filter paper before being dropped in. The phosphorus 
dissolves on shaking, and the solution, filtered from impurities, is 
introduced into the reaction vessel through the dropping funnel, 
which is immediately washed through with a further 50 c.c. of 
dry carbon bisulphide. The greatest care must be observed in 
keeping all burners away from the neiuhbourhood of the carbon 
bisulphide, the vapour of which readily catches fire, and especially 
in handling the phosphorus solution, a drop of which, on evaporation 
of the carbon bisulphide, ignites spontaneously. Vessels containing 
it must be filled with water as soon as they are emptied, and the 
paper through which it is filtered must be immersed m water 
immediately after use. The reaction vessel must be filled with 
carbon dioxide surrounded by a freezing mixture, and the solution 
vigorously stirred. When the temperature has fallen to o®, 200 
grams (67 c.c.) of bromine dissolved in 250 c.c. dry carbon bisulphide 
are added very cautiously from the dropping funnel at such a rate 
as to keep the temperature at 15 — 20®. Phosphorus tribromide is 
first formed; later/ a clear solution is obtained, and when about 
three-fifths of the bromine has been added, a yellow precipitate 
of the pentabromide appears. By rapid stirring, caking of the 
precipitate is avoided. Stirring is continued for a short time 
after all the bromine has been added, the heavy precipitate is then 
allowed to settle and the supemsitant liquid decanted. The last 
traces of carbon bisulphide are removed at the ordinary tern- 
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perature by lowering the pressure in the vessel to about 150 mm. 
and admitting a stream of dry air through a capillary to carry of! 
the vapour. This process is continued until there is no further 
loss in weight. Any attempt at distilling the carbon bisulphide 
results in the decomposition of the pentabromide. Phosphorus 
pentabromide is obtained by this method as a perfectly dry lemon- 
yellow powder, having a great avidity for moisture. It is best 
kept in the bottle in which it is made, and closed by a rubber 
stopper secured by wire. The yield is practically theoretical. 

Phosphorus Tri-iodide. — 10*3 grams of yellow phosphorus 
dissolved in 150 c.c. of dry carbon bisulphide (distilled over solid 
caustic potash) are filtered into a 500 c.c. round flask, with the 
precautions described under the preparation of phosphorus penta- 
bromide, The 127 grams of iodine are added to this solution a 
few grams at a time shaking after each addition until the iodine 
has completely dissolved and the colour of the solution has faded 
to a reddish tint. When all the iodine has been added, the carbon 
bisulphide is removed at the ordinary temperature under reduced 
pressure as described m the previous preparation. Phosphorus 
tri-iodide is thus obtained in the form of red crystals in theoretical 
yield. The carbon bisulphide recovered in this preparation may 
be freed from iodine by distillation over solid caustic potash. 

Phosphorus Pentasulphide, P2S5. — Mix well together by means of 
a spatula dry red phosphorus and the calculated amount of flowers 
of sulphur, and introduce the mixture into a flask (previously 
filled with carbon dioxide) so that the latter is filled to the lower 
part of the neck. Close the mouth loosely with a cork and 
immerse the flask up to the neck in a metal bath filled with sand. 
Place the bath on a tripod in a fume cupboard and heat it over 
a Bunsen burner. When th^ contents of the flask reach a certain 
temperature a sudden and vigorous reaction occurs and the cork is 
usually driven out ; but the ieaction is momentary, and the flask 
after cooling is removed, ami will be found to contain the fused 
sulphide as a dark greyish mis, which should be broken up and 
kept in a stoppered bottle. \ 

Thionyl CMoride^ SOCl^, isWepared by passing dry sulphur 
dioxide into phosphorus pentathloride contained in a flask fitted 
with inlet and outlet tubes, the\latter being attached to a calcium 
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chloride tube. As the reaction is accompanied by a considcrabJe 
rise of temperature^ the flask is immersed in ice^water. When all 
the phosphorus pentachloride has disappeared and a homogeneous 
liquid^ consisting of thionyl chloride and phosphorus oxychloride^ 
is obtained^ the liquid is submitted to fractional distillation with 
column and the portion distilling at 76^0° collected. This is 
nearly pure thionyl chloride. The yield is about the weight of 
the phosphorus pentachloride taken. Pure thionyl diloride is a 
colourless liquid, b.p, 78®. It is decomposed in moist air into 
hydrochloric acid and sulphur dioxide, and must be kept in a well- 
stoppered bottle. 
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Section II 
Preparation i. 

Ethyl Potassium Sulphate. — ^The combination between alcohol 
and sulphuric acid is not complete, a condition of equilibrium 
being reached before either constituent is completely converted. 
The reaction is known as a reversible one and may be represented 
thus : 

QHjOH H- H2SO4 :r: CjH.HSO, 4- H,0, 
which implies that the alkyl sulphate reacts with water, regenerating 
alcohol and sulphuric acid. The free alkyl acid sulphates are, as a 
rule^ viscid liquids, which cannot be distilled without yielding 
the olefine. On boiling wjth water, the alcohol is regenerated. 
The salts are used for preparing various alkyl derivatives, such as 
mercaptans, thio-ethers and cyanides. 

SO,<Q^^» + KHS = C,H,SH + KjSO. 

Ethyl mercaptan. 

= (C,H,),S + 2K,S0. 

Ethyl thio-ether. 

= C.H,CN + K,SO, 

J'thyl cyanide. 

Compare the action of sulphuric acid on phenol (see Prep. 97, 
p. 214). 

Preparation 2. 

Ethyl Bromide. — ^The replacement of the hydrogen by halogen 
(CJ, Br) may be effected by the direct action of the halogen on the 

paraffin. I 

+ Cl, + HCi. 

A simpler method is to replace the alcohol hydroxyl by halogen 
by the action of hydracid (HCI, Mir, HI), 

CjHjOH 4. HCI JcjHjCl 4- H, 0 . 

Or by that of the phosphorus compound (PCI3, PBrg, PI3), 
aCjHjOH 4- PCI* « i'JI.Cl 4- P{OH),. 
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The preparation of ethyl bromide may be taken as an example 
of the first method^ in which the hydracid is liberated by the 
reaction. 

KBr -f == HBr -h KHSO*. 

A further example is that of methyl and ethyl iodides (Preps. 
3 > PP* 75 )f which phosphorus iodide acts directly 
on the alcohol, butyl bromide (Prep. 8, p. 76), in which hydro- 
bromic acid is used, and isopropyl iodide (Prep. 49, p. 134), in which 
the hydriodic acid is obtained by the action of water on phosphorus 
iodide, 

PI, 4 - 3H,0 = 3HI 4 P(OH),. 

The action of HCl is much more slu^^gish than that of PIBr or 
HI, and in the preparation of ethyl chloride a dehydrating agent 
(ZnClg) is usually added to the alcohol, which is kept boiling whilst 
the HCl gas is passed in. In the case of polyhydric alcohols, all 
the hydroxyl groups cannot be replaced by Cl by the action of HCl 
Glycol gives ethylene chlorhydrin and glycerol yields the dichlor- 
hyclrin (see Prep. 50, p. 135), The use of PBr3,Pl3 does not 
necessitate the previous preparation of these substances. Amor- 
phous phosphorus is mixed with the alcohol, and bromine or iodine 
added as in the preparation of methyl iodide (see Prep. 7, p. 75). 
PCI5 or PCI3 will always replace OH by chlorine in all hydroxy- 
compounds, including phenols, on vhich HCl does not act. 

The monohalogen derivatives of the paraffins are mostly colour- 
less liquids, a few of the lowest members being gases at the ordinary 
temperature. The bromine and especially the iodine derivatives 
become discoloured on exposure to light, owing to the separation 
of bromine and iodine, which can, however, be removed by shaking 
with a drop of mercury. They are insoluble in water and speci- 
fically heavier, but soluble in most of the common organic solvents. 
The chlorides hgive the lowest, the iodides the highest, boiling 
p<i>lnts. 

The alkyl halides are utilised in a variety of reactions, examples 
0f which are given, ethyl iodide being taken as the type. 

1. Aqueous potash or water with metallic oxide (Ag20,Pb0) 
yields the alcohol (see Prep, no, p. 229), 

CjHfil 4 KOH »= CgHfcOH 4 KL 
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2* Alcpholk potash gives an olefine, 

CjHJ -f KOH = QH* + KI + HjO. 

3. Sodium alcoholate gives an ether. 

CjHgl -f NaOCjjHi == CgH^OCjjHs -f Nal. 

4. Alcoholic ammonia forms a mixture of primary, secondary 
and tertiary amines, 

CjHjT + NHg C^HsNH^ -f HI 
2 CaH J 4 - NH« -4 2HI 

3C,H,I 4- NH3 - (C3H3)3N -f 3 HL 

The tertiary amines unite with the alkyl iodide to form the 
quaternary ^immonium iodide, which is produced at the same 
time as the other products. 

4- C3H J === (C3H3),M. 

5. Potassium cyanide forms alkyl cyanide, 

1- KCJM = CjH^CN 4- KI. 

6. Potassium hydrosulphide gives the mercaptan, 

CaHgl 4 - KSH = CJ-l.SH 4- KI. 

7. Potassium sulphide forms the thio-ether, 

2C2H31 4- K*S =:. (€3113)38 4- 2KL 

8. Silver nitrite gives the nitro-paraffin . 

C3H J 4- AgNO, =. = Agl. 

9. Silver salts of organic or inorganic acids yield the alkyl esters, 

2C3H3I + Ag^SO, + 2AgI. 

CjHjI 4- CHs.COOAg == CH^.COOCaHj 4 - Agl. 


Preparation 4. 

Ethyl Ether. — ^I'his reaction i^of a general character. By using 
a different alcohol in the reservoir from that in the flask, a mixed 
ether may be obtained. Thus,! ethyl alcohol and amyl alcohol 
may be combined to form ethyl kmyl ether. 
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That the sulphuric acid acts in the above manner and not merely 
as a dehydrating agent appears not only from the formation of 
mixed ethers, but also from the fact that the sulphuric acid may 
be replaced by phosphoric, arsenic and benzene sulphonic acids. 

Tlie ethers are also formed by the action of sodium alcoholate 
on the alkyl iodide (Williamson)^ 

CjHjONa + CjH J « + NaT, 

and by this method mixed ethers may also be prepared. 

The inertness of the ethers arises probably from the fact that 
the whole of the hydrogen present is united to carbon. Note 
the action of sodium and PCI5 on alcohol and on ether. The ethers 
are not decomposed with PCI5 except on heating, when they give 
the alkyl chlorides, 

(CjH 5),0 -f PCI, =:= 2C,H,C1 -f POCl,. 

Hydracids, especially HI, have a similar action — 

{C,H,),0 -f 2 HI = ^ H 3 O. 

Hot, strong sulphuric acid breaks up ether into ethyl sulphuric 
acid and water, 


(CaH,),0 + 2 H 2 SO, = 2C2H,.SCV1 -h HgO. 

Compare the action of caustic alkalis on ethers, esters and 
anhydrides. 

X.H, 


Diethyl ether. 


Ethyl acetate. 


O^CO.CH, 
Acet.c anhydride. 


Preparation 5. 

Ethylene Bromide. — The formation of olefines by the action of 
cone. H2SO4 and other dehydrating agents suchTis phosphoric acid 
on the alcohols is a very general naction. With sulphuric acid the 
reaction takes place as follows : — 

C,H,OH 4- HjSO, - C,H,HSO, -f H,0 

CjHgHSO, = CjH, 4 HjSO,. 

A similar process, no doubt, occurs with phosphoric acid. Among 
the higher alcohols the action of heat alone suffices ; cetyl alcohol, 
gives cetylene, on heating. The olefines are also 
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obtained by the action of alcoholic potash on the alkyl bromides 
and iodides, 

C,H,Br 4- KOH « C.H, + KBr -f 

and by the electrolysis of the dibasic salts; potassium succinate 
gives ethylene, 

C2H4(C00K)2 = + 2CO2 -f K2(H2). 

The first four members of the olefines are gases which burn with 
a luminous flame. The other members are liquids and solids. They 
are all colourless substances, insoluble in water and specifically 
lighter than water, in which respects they resemble the paraffins 
The olefines combine with : 


(1) Hydrogen in presence of platinum black, or finely divided 
nickel (see Prep. 94, p. 209). 

CHg :Cll^ + H, = CH 3 .CH 3 . 
l thylene. Lthane. 

(2) The hydracids (HCl, II Br, III), in which case the halogen 
attaches itself mainly to the carbon with the least number of 
hydrogen atoms, 

CH3 CH CH3 + HI =- CH3 CHICHg. 

Cropylem Isopropyl iodide. 

(3) The halogens (Cl, Br, I). 

CHjtCH, + Cl, = CH,C1.CH,C1. 

Lthylene. Lthylene chloride. 


(4) Cone, sulphuric acid, 




-f 


(5) Ilypochlorous acid, 


1 thyl hydrogen sulphate. 


CHg^CHj 4 - HOCl = CHgOH.CH^Cl. 

Lthylene chlorhydrin. 

Potassium {)ermanganate oxidises the olefine, forming in the 
first stage the corresponding glycol. By further oxidation the 
molecule is decomposed by the j^iarting of the carbon atoms at the 
original double link, 


CH 3 .CH:CH 3 4- HjO -f 

Propylene. 


4 


CHj.CHOH.CHjOH, 

Propylene glycol. 


CH,.CHOH.CH,OH + 2 O, 4CH,.COOH + CO, + 2li,0 

I Acetic acid. 
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Aikykne chlorides and bromides with both halogen atoms 
attached to the same carbon are obtained by the action of PClj 
and PBcg on aldehydes and ketones. 

CH,.C0.CH3 + PCI, CH,.CCl,.CH, + POCl,. 

/3/3-Dichloropropaae. 


Preparation 6. 

AoetsMehyd«. — ^The formation of aldehyde from alcohol probably 
occurs by the addition of oxygen and subsequent elimination of 
water^ 

GHjCH^OH + O = CHa.CH(OH)2 -= CH3.CO.H + H^O. 

The aldehydes may also be obtained by the reduction of acid 
chlorides and of anhydrides in some cases, but the method is 
rarely adopted. Aldehydes can only be obtained directly from 
the fatty acids by distilling the calcium salt with calcium formate ; 
but in no case by direct reduction, unless in the form of lactones, 

{CH3.COO)2Ca -f (HCOO)3Ca - 2CH3 CO.H + 2 CaC 03 . 

Formaldehyde is best prepared by passing the vapour of methyl 
alcohol mixed with air over a spiral of copper or platinised asbestos 
which act as catalysts and become red hot in the process of oxidation. 

The aldehydes are readily redufed to the alcohols. Charac- 
teristic properties of the aldehydes are the formation of aldehyde 
ammonias, Schiff^s reaction, the reduction of metallic salts and 
the production of acetals by the action of alcohol in presence of 
hydrochloric acid gas (Iv Fischer). 

CHa.CO.H + -f Hfi, 

Acetal. 

They also polymerise readily. These reactions should be com- 
pared with those of benzaldehyde (Prep. 113, p. 231). There are 
many reactions which are common to both aldehydes and ketones, 
i,e,j to all substances which contain a ketone CO group. Such, 
for example, are : (i) The formation of an additive compound 
with sodium bisulphite. 

>CO + NaHSO, « 
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(2) The action of PClg, which replaces oxygen by chlorine, 

>CO + PCIj ^ >CCljj + POCI 3 . 

(3) The formation of a c}^anhydrin with hydrocyanic acid, 

>CO + HCN = >C<^^ 

which on hydrolysis yields a hydroxy-acid. 

(4) The formation of an oxime with hydroxylamine (see Preps. 
14, p. 1 18, and 82, p, 239). 

>CO + H^NOH >C:NOH -f H^O. 

(5) The formation of a phenylhydrazone with phenylhydrazine 
(see Prep. 113, p. 234). 

>CO + H,N.NH.C,H, = >C:N.NHC,H, + H,0. 

(6) The formation of a semicarbazone with semicarbazide (see 
Prep. 13s, p. 258). 

>CO + H,N.NH.CO.NH, = >r:N.NH.CONH, + H^O. 

Both aldehydes and ketones readily undergo condensation^ and 
* a great variety of syntheses have been effected in this way (see 
Preps. 1 19, p. 240, and 135, p, 259). 

The aldehydes unite with zinc alkyl (Wagner) and magnesium 
alkyl halide (Grignard, see p. 252) to form additive compounds, 
which decompose with water, yielding secondary alcohols. 

CHj.CO.H + 

CH,.CH<9S"‘^”=’ + = CH,.CHOH.CH, + Zn(OH), + CH.. 

Isopropyl alcohol. 

CHjCO.n + MgCH.I = CH,.CIl<g^Sl 

+ H,0 = CHj.CHOH.CH, + Zn{OH), + CH,. 

Acetaldehyde, in presence of K^COg, polymerises, forming aldol. 
With zinc chloride the reaction goes a step further and crotonalde- 
hyde is formed, 

CH 3 .COH 4 - CH,.COH 4 CHj.CHiOHj.CHj.COH. 

Aldol, 

CH,.CHOH.CH,.COH = I H,.CH:CH.COH + HjO. 

Ctotoiu]d^>dc. 
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Preparation 7. 

Methyl Iodide. — Read notes on Prep. 2 , ]). 369, 


Preparations 8—10. 


Butyl Bromide^ Cyanide and Valeric Acid.— This series of three 
preparations illustrates a general process by which an alcohol 
can be converted into an acid containing an additional carbon atom, 
introduced as the cyanogen group. The conversion of a cyanogen 
into a carboxyl group is characteristic of the cyanogen group 
(see p. 251), Another general property of the group is its behaviour 
on reduction, when a primary amine is formed. Butyl cyanide, 
for example, when reduced with sodium in alcoholic solution, yields 
amyiamine. 

CN -f 2 H 2 «= C,H,.CHjNH2. 

Further properties of the cyanides are given on p. 91. 

Other methods of preparing cyanides are by the action of sodium 
cyanide on the sodium alkyl sulphate at a high temperature, 

CjHsOSOaNa 4- NaCN = C^HjCN -f 


and by the action of phosphorus pentoxide on an amide (see p. 91). 

CHj.CONH* ~ HO = CH3CN 

The alkyl cyanides are colourless and for the most part liquids 
which have a not unpleasant smell and distil undecomposed. The 
lower members dissolve to some extent in water ; but the solubility 
diminishes with increasing molecular weight. The alkyl cyanides 
are often denoted as nitriles of the acid which they yield on 
hydrolysis. The hydrolysis actually occurs in two steps, the 
intermediate amide being formed. 


CH,CN -h H*0 == C^H^CONH. 

C4H0CONH3 4 HjO ^ 


^ C4H9COOH 4- NHj. 


Preparation ii. 

Ethyl Vatertte.— Read notes m Prep. 25, p. 384. 
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Preparation 12. 

Amyl Nitrite. — ^The nitrites of the general formula R'.O.NO are 
isomeric with the nitro-paraffins R'N02. Whereas the nitrites 
are hydrolysed with KOH like other esters into the alcohol and 
the acid, 

CaHjONO + KOH = C^H^OH + KNO^, 

and are decomposed by reducing agents into the alcohol and 
ammonia (and in some cases hydroxylamine), the primary nitro- 
paraffins are not hydrolysed by potash, but dissolve, forming 
the soluble potassium salt, and on reduction give the primary 
amine, 

C^H^NOa + 3Ha - CjHgNH, 4- 2H,0. 

Amyl nitrite is used in the preparation of diazo-salts (see Prep, 
76, p. 182). 


Preparation 15. 

Mesityl Oxide, Phorone. — The formation of these two substances 
is a typical case of condensahon which may be defined as the union 
of two or more molecules of the same or different substances or parts 
of the same molecule with or without elimmation of water or other 
compounds in which the new union is formed betw^een carbon atoms. 
This union is one of great stability, so that disruption into the 
original substances is not as a rule possible, or, in other words, 
it represents generally a non-rev ersible reaction. There are many 
reactions of this type, which may be expressed by the general form 
0:C -f CH-.CO — HO.C.CH.CO — C = C.CO. 

✓ S II /'’N 

Two points will be noticed. First, that the CHg group is and must 
be accompanied by what is sometimes termed a negative group, 
which may be CO, CN, NO2, ( and, secondly, that there is 
an intermediate step in the Imkitg of the two molecules before the 
molecule of water is actually eliminated, as in the examples given. 
For further examples of conderkation, see Preps, 119, 135, pp, 
240, 357. 
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Preparation i6 . 

Piaeetonamiiie. — Although ammonia does not unite with the 
simple olefines, the presence of an adjoining CO group enables 
the ammonia to form an additive compound with the unsaturated 
group. Diacetonamine is of importanci in the preparation of the 
local anaesthetics, Eucaine-fx. and -p, which are used as substitutes 
for cocaine. 


Preparation 17. 

Aeetyl Chloride.— Either PCI3 PCig or SOClj is almost invariably 
used in the preparation of acid chlorides. In the case of PClg only 
a portion of the chlorine of the reagent is utilised (see Prep. 133, 
p. 254), POCI3 being produced in the reaction. The use of one 
or other reagent is determined by the nature of the product. If 
the latter has a low boiling point the trichloride is preferred, if a 
high boiling-point, the pentachloridc may be used and the oxy- 
chloride expelled by distilling in vacuo from a water-bath (see 
Prep. 133, p. 2 54). The pentachloride is more frequently used in the 
preparation of aromatic acid chloiides, but there are occasions, 
which only experience can determine, when the trichloride is 
preferable. 

Phosphorus oxychloride and the sodium salt of the acid can 
also be used. 

2CH3.COONa -f POCl, = 2CH,COCl -f KaPO, 4 NaCl. 

Also thionyl chloride, SOClg, may often be employed with 
advantage in place of the chlorides of phosphorus (see Prep. 133, 
p. 254), as the by-products of the reaction are gases. 

CHa-COOH 4- SOQj CH3 rCXTi 4* HCi -f SO*. 

s 

Acid chlorides react with alcohols and phenols, and in general 
with substances containing a “ hydroxyl (OH) group. Acid 
anhydrides have a similar behaviour, and both substances may 
be used in determining the number of such groups in a compound. 
Thus glycerol forms a triacetyl derivative, whilst glucose yields a 
pentacetyl compound. By hydrolysing the acetyl derivative with 
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alkali, and then estimating the amount of alkali neutralised by titra- 
tion, the number of acetyl groups can be estimated (see p. ^84). 

The presence of the “ amino '' (NHjj) group is determined by 
a similar reaction. 

The synthesis of aromatic ketones may be effected with the 
acid chlorides, using the Friedel-Crafts reaction (see Prep. 135, 
p. 257), also of aliphatic ketones and tertiary alcohols with zinc 
methyl and ethyl, &c. (Butlerow), or magnesium alkyl halide 
(Grignard). 

/OZnCHg 

(I) CH 3 .COCI 4- Zn(CH,)^ ^ CH3.c(-C1 

\CH, 

/OZnCHg /Cl 

CHa.C^Cl -f H,0 = CHj.CO.CH, -f ZnC -f CH.. 

XCHj Acetone. \OH 

yOZnCHfl /CH, 

(I) CH.-COCl -f 2 Zn(CH 8 ), =* CH,,C^CH, -f- Zn( 

\CH^ \C1 

//OZnCHg 

CHb.C^CHj + 2 HJ 5 O = CH,.C{ 0 H)(CH 3 ). + Zn(OH)a 4 CH^. 

NCHj Tertiary butyl alcohol. 

An additive compound with zinc methyl is formed, in the first 
^reaction with one molecule^ in the second with two molecules, and 
the product in each case is then decomposed with water. The 
reaction with magnesium methyl iodide is similar (p. 446). 


Preparation 18. 


Aeetic Anhydride. — The anhydrides may be regarded as oxides* 
of the acid radicals, just as ethers are the oxides of the alcohol 
radicals, and, like the ethers, both simple and mixed anhydrides 
may be prepared. The latter, however, on distillation decompose, 
giving a mixture of the simple anhydrides. 


^c'h*0 > cy,0>^ + 


Anhydrides may also be prepared by the action of POCI3 oi> 
the potassium salt of the acid in presence of excess of the latter,, 
the reaction occurring in two phases : 

2 CH,.C 00 K 4 POCl, - 2 c 4 ,COCI 4 KPOa 4- KCl. 
CH,,.COOK 4 C^HgOCl - (Ct^nOhO 4 KCl. 
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In addition to the reactions described under the Preparation, 
the anhydrides undergo the following changes : 

1, With HtCl, HBr, and HI they give, on heating, the acid 
chloride and free acid, 

(CHgCOjjO -f HCl = CHgCOCl -f> CH^.COOH. 

2, With Cl they form acid chloride and chlorinated acid, 

(CH,CO)aO + Cl, « CHaCOCl + CH,Cl.COOH. 

3, With Na amalgam or colloidal Pd they are reduced to aldehydes. 


Preparation 19, 

Aeetamide. — The acid amides, or simply amides, correspond to 
the amines, being ammonia in which hydrogen is replaced by acid 
radicals, and, like the amines, exist in the form of primary, secondary 
and tertiary amides. The following methods are used for obtaining 
the amides, in addition to that described under the preparation ; 

1. The action of ammonia on the acid chlorides or anhydrides 
(see Prep. 133, p. 254). 

CH,.CO.Cl + 2 NH, =r CU,.CO.NH, + NH,C1. 

Ch’;CO>® + “ CHjCO.NH, + CHj.COONH,. 

2. The action of ammonia on the esters (see Prep. 43, p. 124). 

CH,.COOC,H, + NH, - CHj.CONH, -f 

3. Partial hydrolysis of the cyanides by cone, hydrochloric or 
sulphuric acid, 

CH 3 .CN -f H,C) CH,.CONH,. 

The alkyl amides or substituted ammonias, with both acid and 
alkyl radicals, also exist, and are formed by the first two of the 
above reactions, and by heating the salt of the amine (see Prep. 
66, p. 169). ^ 

CH,.CO.Cl -f NHwC,H, - CH,.CO.NHC,H, -f HCl. 

AcetethyUmide. 

CH,.C00H.NH4C,H,== CH3.C0NH.C,H3 -f H,0. 

Aailine aceUite. Aoetamlid®. 

With the exception of fonnamide, which is a viscid liquid, the 
majority of these compounds are crystalline solids. The lower 
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members are soluble in water, and they all dissolve in alcohol 
or ether. Many of them distil without decmnposition. They 
are neutral substances uniting with both minerd adds and a 
few of them with caustic alkalis and alkaline alcoholates to form 
compounds which are rapidly decomposed by water. 

The hydrogen of the amido-group is also replaceable by metals, 
and derivatives of acetamide of the following formulae are known : 

CHjCONHNa, CH,.CONHAg, (CH,.CO.NH)aHg. 

They are converted by nitrous acid into the organic acid, and, 
in the case of substituted amides, into nitrosamides. 

CH*CONHj -f HNO„ = CH,.CO.OH + N. + H»0. 

CHj.CO.NHC^Ha -f HNO* = CH,.CO.N(NO).C.H4 -f H^O. 

Acetanilide. Nitrnsoacetanilide. 


With the latter class of substituted amides, PCI 5 forms the 
iminochlorides, a reaction which is usually formulated m two steps, 

CHg.CO.NHCeHj -{- PCl^ == CH^.CClg.NHCeHs + POCl^ 
CHg.CCla.NHCeHg = CHjCClrNC^Hg -f HQ. ’ 

The substituted amides give both iminochloride and the cyanide 
with PCL, 

.NH 

CHj.COKHj 4 - PCI5 == -f POCI3 + HQ. 


.NH 


: CHj.CN + HQ. 


Preparation 20. 

Acetonitrile* — ^The various reactions by which the nitriles or 
alkyl cyanides are obtained have already been mentioned in one 
or other of the previous notes, but they may be recapitulated. 

I, By the action of KCN on the alkyl iodide or alkyl potassium 
sulphate, 

C^HJ + KCN = CjHjCN ^ KI. 

“ C,H,CN + K,SO,. 

a. By the action of PCIj (as well as PjOj) on the amide, 
CH,.CONH, + PCI, = CH^CN + POCl, + 2HCI. 
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Preparation 21. 

Methyl Acetyl Urea. — TJiis compound represents an intermediate 
stage in the formation of methylamine described in the succeeding 
preparation ; but as only half the bromine is used for converting 
the acetamide into acetobromamide (and by the action of alkali 
into methyl isocyanate) the methyl isocyanate reacts with the 
unchanged acetamide to form methyl acetyl urea. 


Preparation 22. 

Methylamine Hydrochloride.— This reaction, which yields the 
primary amine, is applicable, not only to the aliphatic, but also 
to the aromatic amides. The formation of anthranilic acid from 
phthalimide is a process of technical importance (see p. 272). By 
the action of bromine and caustic potash, phthalaminic acid is first 
formed, which then yields the amino-acid, 


+ H,0 


CcH^< 


CONH, 

COOH 


C«H,< 


CONTI 

COOH 




CeH,< 


CONHBr 

COOH 


^-HBr. 


C,lh< 


CONHBr 

COOli 


C«H,< 


CON< 

COOH 


-f HBr. 


+ up 




The primary amines may also be obtained by the following 
reactions ; 

1. Action of alcoholic ammonia on the alkyl iodides and nitrates, 

4 - NH3 == CjH^NH, 4 HI. (Hofmann.) 

Secondary and tertiary amines are also formed (see p. 371), 
C^H^ONO, 4 NH3 = C^H.NHj 4 HNO3 (Wallach.) 

2. Reduction of the following classes of compounds : 

nitro-com])Ounds 

cyanides 

oximes 

pheny Ihydr azones . 
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C,H,NO, + 3H, - + sH.O. {V. Meyer.)- 

C,H*CN 4- sH, =. C,Hi:H,SrH,. (fendius.) 

CH,.CH:NOH + 2k, = CH,.CHj.NH, 4- H.O. {Goldachmidt.) 
CH,.CH:N.NHC,H, 4- 2H, =. CH,.CH,.NH, + C,H,.NH,. (Tafel.) 

3. Hydrolysis of the isocyanides with cone. HCl, which occurs 
in two steps : 

C,H,NC 4 - = C.U,NH.COH 

C,H,NH.COH 4- H,0 = C,HiNH, 4- HCO.OH. 


-f IV* 

(Mendius.) 

4- H,0. {Goldschmidt.) 

(Xafel.) 


Preparations 23, 34, 

Dimethylamine Hydroehloride^ Dimethylnitrosoamlne.— The three 
classes of aliphatic amines (primary, secondary, and tertiary) 
may be distinguished by their behaviour with nitrous acid and 
alkyl iodide. The primary amine is decomposed with HNOjj, 
forming the alcohol, and nitrogen is evolved, 

CjHgNH, + HNOa = -f N* *f H^O. 

The secondary amine forms the nitrosamine, insoluble in water, 
(CaHj),NH + HNO, =c (r.H,),N.NO + H^O. 

Di( thvlnitrosdmino 

The tertiary amine is unacted on by nitrous acid, but, unlike the 
other two, unites with an alkyl iodide and forms the quaternary 
ammonium iodide (Hofmann), 

+ CHJ - (C,H,)3NCH3l. 

TncthyJmethylammoniiim iodide. 

The behaviour of nitrous acid with the aromatic amines is some- 
what different (See Preps. 76, p. 182, and 73, p. 177). 

The primary amines may also be distinguished from secondary 
and tertiary amines by the isocyanide reaction (p. 166), which 
consists in heating the amine viith a little chloroform and alco- 
holic potash solution. An intolerable odour of isocyanide is 
emitted, 

-f CHCl, -f 3KOH =- C^H^NC + 3KCI H- 3H3O. 
Preparation 25. 

Acetate.— Esters may be obtained by the direct action of 
IIp alcohol on the acid as in the case of methyl oxalate (Prep. 43 
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p. X24). A certain quantity of ethyl acetate is also obtained from 
ethyl alcohol and acetic acid^ but the action, which is a reversible 
one, stops when a certain proportion of the constituents have 
combined (p. 369). It is represented thus : 

C^H^OH + CH3.COOH zr CHa.COOC.Hfi + 

which signifies that the ester and water react and regenerate 
alcohol and acid whilst the reverse process is in operation. By 
removing the water as it is formed by means of sulphuric acid 
or by distillation, this condition of equilibrium is disturbed and 
the reaction is completed. This does not, however, explain the 
fact, first discovered by Scheele and afterwards investigated by 
Fischer and Speier (see Prep. 134, p. 255), that a very limited quantity 
of cone, sulphuric or hydrochloric acid will produce the same 
result. 

Other methods for the preparation of esters are by the action of 
alcohol on the acid chloride or anhydride (see Reactions, p. 88), 
or by boiling up the dry powdered silver salt of the acid with the 
alkyl iodide, 

CHj.COOAg + C,H,I == CH3.C00C,H« + Agl. 

Also by the action of the alkyl sulphate on the alkaline solution 
of the acid. 

CHg.COONa CH3.COOCH3 -f CH^NaSO^. 

The esters are, for the most part, colourless liquids or solids of 
low m.p., with a fruity smell and insoluble in water. They are 
hydrolysed slowly by water, more readily by aqueous potash, most 
readily with alcoholic potash. With ammonia they give amides. 
(See Reaction, 2, p. 124). 

CHj.COOCjHj -h NH3 = CHj.CONHa + C^H.OH. 

Acetamide. 


Preparations 26, 27, 

Ethyl Acetoaoetate. — The explanation of the manner in which 
this substance is produced has been given in the account of the 
preparation. The result was arrived at, not by the isolation of 
the intermediate compound formed by the union of ethyl acetate 
cohen’s p. 0. c. c c 
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with sodium ethylate, but by analogy with the bdmviour of benzoic 
methyl ester wiA sodium bctu^late, which gave the same additive 
product as that obtained by combining benzoic bwizyl ester with 
sodium methylate, showing that such combinations could occur. 


/ONa 

C.H.CfOCH, 


\0CH..C,H,' 


Also by the fact that sodium only attacks ethyl acetate in presence 
of ethyl alcohol, although the quantity of the latter may be very 
minute when the reaction begins. Similar reactions have been 
effected with either metallic sodium or sodium ethylate by Claisen, 
W, Wislicenus and others, of which the following examples must 
suiffice (see p. 126). 

CeH^COOCjHj + CH^ COOC^Hj ^ CeH.CO.CHj COOC.Hj + CaH^OH* 
Hemoic e*itef. Acetic ester. Benzoylacetic ester 

HCOOCjH, + CHg COOCaH^ =- H CO.CH^.COOC.Hj + Cj^HbOH. 

Formic ester. Acetic ester. Formylacctic ester. 

CjHbOCO.COOCjHb = CjHbOCO CO.CH, COOC3HB 

Oxalic ester. -f CHj.COOCjjHb Oxaloacetic ester + CgHjOH. 

Acetic ester. 


From this it would appear that cmdensatton might always be 
effected between an ester on the one hand and a compound con- 
taining the group CHg.CO on the other. This seems very generally 
to be the case, and Claisen has succeeded in producing condensation 
products between esters and ketones or aldehydes containing this 
group. (See Prep. 135, p. 259.) 

The formula for ethyl acetoacetate would imply the properties 
of a ketone, a view which is borne out by its reduction to a 
hydroxy-acid, 

CH,.CHOH.CHaXOOC*H„ 

/»-Hydroxybutync ester. 


and by its behaviour with phenylhydrazine and hydroxylamme* 
The latter reactions give rise to the formation of the usual 
phenylhydrazeme and oxime, whilst a molecule of alcohol is also 
removed, rcj^lting in a closed chain, in the former case phenyl- 
methylp3j^ifii^Ione, and in the latter methylisoxazolone being 
f<*baec|, ^ 

CH,.C.CH„CO CH*,C,CH8.C0 




Piienjrhnctbylpjnruolaiic, 


11_A 

Methyliaoxasolo^e* 
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The methylene group (CHg) standing between two CO 
groups, such as occurs in acetoacetic ester, is characterised by 
certain properties, which are shared by all compounds of similar 
structure, viz., by their behaviour towards nitrous acid, diazo» 
benzene salts, and metallic sodium or sodium alcoholate. 

The first reaction leads to the formation of isonitrosoacetone, 

CH^.CO.CH^.COOC.Hg -f- HNO^ = CH,.CO.CH:NOH -f CO. 

The second yields, in acetic acid solution, farmazyl derivatives, 

CHa.CO.CHj.COOCjHg H- = CHg CO CH.N.NH CeH^ 

+ Hp -f CO., -f CppH -f HCl. 

.N-.N.CgH, 

CHg.CO.CHtN.NHCJ-Is -f C^H^NjCl == CHj.CO.CC + HCl. 

^N.NH.CeHft 
Acetyl diphenyl formazyl. 

The third is capable of the utmost variety, since the sodium 
in the sodium compound may be removed by the action of : 

1. Iodine, which leads to the formation of acetosuccinic ester, 

CHg.CpNaj.CH.COOCaHs CHg.CO.CH.COOCgH^ 

-j- Ij 1 -f 2 NaI. 

CH3.C(OXa):CH.COOC2H5 CHj.CO.CH.COOCPs 

Acetosuccinic ester. 

2. Alkyl iodide, whereby two atoms of hydrogen may be succes- 
sively replaced by the same or different radicals, 

CHa.CpNajiCH.COOCaHg + CH,I == CH3.CO.CH(CH3)COOC2H3 

-f Nal. 

CH8.C(ONa):C(CH,).COOC2H5 + CH^I = CH,.CO.C(CH3)2,COOC2H3 

+ Kal. 

3. Acid chloride, which is of similar character to the foregoing 
process, but gives rise in some cases to the simultaneous formation 
of two isomeric compounds, a fact which at one time threw con* 
siderable doubt on the ke tonic character of acetoacetic ester. 
Thus chloroform ic ester and sodium acetoacetic ester produce the 
following two derivatives, of which the second predominates : 

CHj.CO.CHCCOPjHj).,. CH3.C(OCOpjH6):CH.COP2H.. 

Acetylmalonic estcar. ^-Carboxyethylaccloacetic ester. 

The synthetic capabilities of this compound are not yet exhausted. 
Acetoacetic ester and its alkyl derivatives undergo decomposition 

CC2 
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in two ways^ according to whether dilute alkalis and acids or, on 
the other hand, strong alkalis are employed. 

1. With dilute aqueous or alcoholic caustic alkalis, or baryta, 
or sulphuric acid, a ketone is formed (ketonic decomposition), 

CH,.CO.CH4.COOC,Hj 4- HjO = CHarO CHg + CO, -f CaHftOH. 

2. Concentrated alcoholic potash decomposes the ester into 
two molecules of acid (acid decomposition). 

CHj.CO.CHj.COOCjjH^ -f aH.O = CH3.COOIT + CH3.COOH 

If the alkyl derivatives of the ester are employed, it is possible 
to effect the synthesis of a series of ketones and saturated aliphatic 
acids, according to w^hether the one or other reaction is used. 

Of the other synthetic processes which have been studied in 
connection with this substance, the following may be mentioned : 

1. The monoalkyl derivatives yield wdth nitrous acid the 
isonitroso-derivative, from which the ortho-diketone may be 
obtained (v. Pechmann), 

CH3.C0.CH(CH,).C00C,H5 4- HNO, = CH, CO r.(NOH) CH3 

4* CjH.OH 4“ CO, 

CH3.C0.C-(N0H),CH3 4- H^O -= CH3.CO.CO CH, + NH,OH. 

Diact’tyl. 

These compounds readily condense, forming derivatives of quinone, 

CH,.C ffi CO.CHlHli CIIs.C.CO.CH 

1 i i i = II II 
HC[hJ.CO— cjo jCH, HC.CO.C.CH, 

Dimethyl qumono. 

2. Aldehyde-ammonias and acetoacetic ester yield pyridine 
derivatives (Hantzsch). 
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3. Orthoformic ester and acetoacetic ester in presence of acetic 
anhydride form a hydroxy methylene ester (Claisen); 

CH, CH, 

io io 

in, + HC(OCjH 5), = i:CH.OCsH, + aCjHjOH. 
iooCsH, ioOCjH, 

4, The derivatives of acetosuccinic ester are very numerous, 
the compound lending itself readily to the formation of heterocyclic 
compounds (pyrrole, furfurane, thiophene, pyridine, &c., deriva- 
tives). 

The impartial way in which acetoacetic ester was found to 
behave, sometimes playing the part of a hydroxy-com pound, 
sometimes that of a ketone, has led to much discussion on the 
merits of the formulae proposed by Geuther and Frankland, 

CH.,.C(0H):CH.C()0C2H5. CH..CO.CH 2 .COOC 2 HB. 

Geuther’s formula FrankUiid’s formula. 

That the liquid is a mixture of both compounds, the proportion 
of each being determined by temperature and other conditions has 
recently been demonstrated by separating the two constituents by 
fractional crystallisation at low temperatures and by fractional 
distillation. It is a typical example of tautoniensm} 


Preparation 28. 


Acetylaeetone. — The formation of acetylacetone is another 
example of condensation of the type described under mesityl 
oxide (Prep. 15, p. 84) and acetoacetic ester. Like the majority 
of I : 3-diketones (having the group ~CO.CH2.CO-), acetylacetone 
reacts in its tautomeric form, with hydrazine and its derivatives 
to form pyrazole compounds, 


.t 


NH, 
\h, 


O.CH, 


CH5.CO.CH 
NH, H.OH.CH, 

\h. 


'ii 


C.CH, 


\/ 

NH 

Dimethyl pyrazole. 


^ For a full discussion of the subject of tautomer ism, seethe author’s 
Of game Chemistry for Advanced Students, E. Arnold, London. 
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Preparations 29^ 33. 

Monoelilofaeetie Aeid and Monobromaeetle Aeld.-~The action of 
chlorine on the aliphatic acids takes place in presence of sunlight? 
also on the addition of small quantities of the “ halogen-carriers/^ 
iodine, sulphur, and red phosphorus. By the action of iodine, 
ICl is formed, which decomposes more readily than the molecule 
of chlorine, and hydriodic acid is liberated, 

CH3.COOH + ICl == CH,Cl.COOH + HI. 

The hydriodic acid is then decomposed by chlorine, and ICl 
regenerated. Phosphorus acts by forming the chloride of phos- 
phorus from which the acid chloride is produced, which is more 
readily attacked by chlorine than the acid. Sulphur behaves in a 
similar fashion, sulphur chloride converting the acid into the acid 
chloride. Bromine in presence of phosphorus forms in the same 
way, first, the acid bromide, and in the second stage of the 
reaction, the bromine substitution product. The bromine in all 
cases attaches itself to the a-carbon (/.e., next the carboxyl). 
Where no free hydrogen exists in this position, as in trimethylacetic 
acid, no substitution occurs. Iodine can be introduced by the 
action of KI on the bromine derivative, 

CHjjBr.COOH + Kl CH2I.COOH -f KBr. 

Monohalogen derivatives may also be obtained from the un- 
saturated acids by the action of the hydracids (I ICl, IIBr, III), 
In this case the halogen attaches itself to the carbon farthest from 
the carboxyl. Thus acrylic acid gives with IIBr the p-bromo- 
propionic acid, 

CH2:CH.C0.0H 4- HBr CHjBr.CHa.COOH. 

The action of the hydracids, PCI5 and PBr^, on the hydroxy- 
acids also yields the halogen derivatives, 

CH,.CH(OH).COOH 4 HBr =« CHa.CHBr.COOH 4 - H, 0 . 

ch3.ch(OH).cooh 4 2PCI3 = CH3.cHCj.c0ci 4 2Poa3 4 2HC1. 

In the latter case the acid chloride must be subsequently decom- 
p^seSt by water to obtain the acid. 

lEhe increase in the number of halogen atoms in the acid raises 
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the boiling point a$ well as the strength of the acid as determined 
by its dissociation constant K. 

B.P. K. 

Acetic acid ii8® *0018 

Monochloracetic acid . . . 185® *155 

Dichloracetic acid . . . 190® 5*i4 

Trichloracetic acid . . . 195® 121 


Some of the transformations of monohalogen acids are illustrated 
by the following equations : 


==: CH-OH.COOH + HCl. 

;= CHXN.COOH -f KCl. 

= CH 3 NH 3 .COOH 4- NHp. 
CHjCOOH. 

= f 4* aAgBr. 

CHft COOH 

CHaI.CHsCCX)H -f- KOH CH^XH.COOH + KI + H,0. 


CHaCl.COOH 4 - H,0 
CH 2 CI.COOH 4- KCN 
CHjCLCOOH 4 . 2 NH, 

aCH^Br COOH 4- Ag, 


Preparation 31. 

Cyanaoetie Ester. — The presence of the cyanogen group has a 
similar effect on the adjoining methylene group as the ketone group 
in acetoacetic ester or acetylacetone, that is to say^ the two hydrogen 
atoms are replaceable by alkyl groups by the action of sodium 
ethoxide’and an alkyl iodide. Moreover, the CHj group undergoes, 
like acetyl acetone, &c., condensation with aldehydes and ketones 
in presence of ammonia, diethylamine or piperidine. 

R.CHO + H,C<^qq + HjO. 

Moreover, like malonic ester, the sodium derivative forms additive 
compounds with those containing unsaturated groups 

R.CH:CH.COOC,Hj R.CH.CHj.COOC.H^ 

CHNa(CN).COOC,Hj iH(CN).COOC,H, 

and also in presence of organic bases (diethylamine, piperidine) 
unites with such compounds as benzalaniline. 

CH.(CN)COOC,H, _ CH{CN).COOC,H, 
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Preparation 32. 

Nltromethane is the lowest member of the group of mtroparaffins. 
The general method of preparation is to act on silver nitrite with 
the alkyl iodide. A considerable evolution of heat occurs and on 
heating the nitroparaffin distils. 

C,H,I -f AgNO, - Agl -f C,H,NO,, 

They are distinguished from the isomeric alkyl nitrites R.O.NO 
by their behaviour on reduction when amines are formed, whereas 
the nitrite yields ammonia or hydroxy lamine and alcohol (see p. 383). 

CjHbNO^ 4- 3Hj == CjHjNHjj 4- 2H,0 

The nitroparaffins are colourless liquids, of a pleasant smell, which 
do not dissolve in water and distil without decomposition. 'The 
primary, secondary and tertiary nitroparaffins may be distinguished 
by their behaviour with nitrous acid. The primary compounds 
give niiroltc aads which form , as we have seen , red salts, whilst the 
secondary compounds yield, under similar conditions, insoluble 
blue pseudomtrds of the formula 


K 

K 


>C< 


NO 

NO4* 


whereas the tertiary nitroparaffins are unaffected by nitrous acid. 


Preparations 34, 35. 


Glycine. — By the action ol primary and secondary amines, 
corresponding amino-acids are formed, ('hloracetic acid and 
methylamine yield sarcosine, 


+ NH,CH, = + HCl. 

The amino-acids are further obtained by the reduction (Zn 
and HCl) of nitro-, oximino- and cyano-acids, thus : 


NHCH* 


CH 


CH*(N0,)X00H 4- 3 H, CHa{NH„)COOH 4- 2 H 3 O, 
,C(NOH).COOH 4- 2 H, CHa.CH(NfL) COOH 4* HjO. 


CK.COOH + sH; « CH,{NH,).CdOH, 
bj rfie action of NH, chi the cyanhydrin of aldehydes and 
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ketones, or simply of ammonium cyanide. The product is then 
hydrolysed with HCl (see Prep. 131, p. 251), 

CHj.COH 

ch,.ch<cn^ ch,.ch<cooh 

The amino-acids are crystalline compounds usually of a sweet 
taste and soluble in water. They are neutral compounds, from 
which it may be assumed that an inner ammonium salt is formed : 


.NH 

\ 

\ C ()0 


By the action of an acid chloride on the amino-acid, the hydro- 
gen of the amino-group may be replaced by an acid radical. 
Ilippuric acid has been synthesised in this way (p. 345). 

+ C.H.COCl = ^ HCl. 

The amino-acids are not acted on by a hot solution of caustic 
alkali, but on fusion vNith caustic soda or potash yield the amine 
and CO2, 

CH,.CH<^q(*H =" CH,.CIlj NIIj + COj. 


With nitrous acid the hydroxy-acid is formed, 


+ HNOj -- H^O. 


Preparation 36. 

Diazoaoetfe Ester. — The primary amines ol the aliphatic series 
differ from those of the aromatic group in the fact that the former 
yield no diazo-compounds with nitrous acid. It is otherwise with 
the amino-esters, the ester group probably furnishing the acid 
character (represented by the nucleus in the aromatic series) neces- 
sary to give stability to the compound. It should be pointed 
out that the two classes of compounds have not an identical struc- 
ture. The formation of diazoacetic ester from pyruvic ester and 
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hydrazine and subsequent oxidation with mercuric oxide appears 
to indicate that both nitrogen atoms are attached to carbon. 


CH, 

CH.O.CO 


'^CO + NH,.NHj 


CH.^/NH 
■NH 


CH, 


CH,0. co/^; 


N 


yi.S| 


In addition to the reactions described in the preparation, 
diazoacetic ester unites with unsaturated acids and forms cyclic 
compounds. Fumaric ester, for example, combines in the follow- 
ing way : — 


f <y + 

COOR 


CH.COOR 

(Ih.COOR 


N 

RO OC.HC/'^N 

RO.OC.nd: COOR 

RO.CO.CH 


RO.CO. 


i: 


\ 4-N,. 

H-CH.COOR 


When bisdiazoacetic ester is heated with water or dilute acid 
it breaks up into hydrazine and oxalic acid, 

/N=Nv COOH 

HOOC,CH< >CH.COOH -f 4Hp =- 2 1 -f 2NH,.NH-. 
^NzzNZ COOH 


Preparations 37, 38. 

Diethyl Malonate, Ethyimalonie Aeid. — Like acetoacetic ester 
(see p, 98), diethylmalonate contains the group CO.CHg.CO. By the 
action of sodium or sodium alcoholate, the hydrogen atoms of 
the methylene group are successively replaceable by sodium. 
The sodium atoms are in turn replaceable by alkyl or acyl groups. 
Thus, in the present preparation, ethyl malonic ester is obtained 
by the action ^f ethyl iodide on the monosodium compound. If 
this substance be treated with a second molecule of sodium aico- 
holate and a second molecule of alkyl iodide, a second radical 
would be introduced, and a compound formed of the general formula 

^>.C(CO,C,H.),. 

in which X and Y denote the same or different radicals. 
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These compounds yields on hydrolysis, the free acids, which, 
like all acids containing two i:arboxyl groups attached to the 
same carbon atom, lose COg on heating. Thus, ethyl malonic 
acid yields butyric acid. In this way the synthesis of monobasic 
acids may be readily effected. Malonic ester, moreover, may be 
used in the preparation of cyclic compounds as well as of tetrabasic 
and also dibasic acids of the malonic acid series (Perkin). To 
give one illustration : malonic ester, and ethylene bromide in 
presence of sodium alcoholate, yield trimethylene dicarboxylic 
ester and tetramethylene tetracarboxylic ester. The first reaction 
takes place in tw^o steps, 


CHNafCOOC^Hfi),^ + -f CHaBr.CH^.CHfCOOaHj-ja+NaBr. 

CHNa(COOC2H6)2 + CHaBrCH^CHfCOGCJl,), 

- 1 VfCOOC^H,)^ + NaBr + CH2(COOC,H3),. 


In the second step a second molecule of sodium malonic ester 
exchanges its sodium with the substituted malonic ester, and a 
second molecule of NaBr is then removed. 

The formation of the tetracarboxylic ester occurs simultane- 
ously, 


2CHNa(COOCJ-la), + 

COOC2H6)3CH.CH2,Ci4.CH(COOC,H5)5 + aNaBr. 

The free acid derived from the ester by hydrolysis loses two 
molecules of COg on heating, and gives adipic acid^ 


(COOH)2CH.CHy.CH,.CH(COOH). 


COOrf.CHj.CHg.CHjj.CH^.COOH -f- aCO^. 


Cyanacetic ester has similar properties to malonic ester, inas- 
much as the methylene hydrogen is replaceable by sodium and 
thus by alkyl groups (see p. 117). 


1 The structure of the sodium compounds is probably more correctly 
represented by 


HO 


P^ONa 

\:o.oc^f 


(see Acetoacetic ester, p, 98). 
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Preparation 40. 

DichloraGotie Acid. — This acid was originally prepared by the 
action of chlorine on acetic acid, but the present method is pre- 
ferable. By a modification of the same reaction the ester may be 
obtained. The chloral hydrate, dissolved in a large excess of ethyl 
alcohol, is allowed to flow slowly from the top of a condenser on to 
the calculated weight of pure sodium cyanide in powder contained 
in a flask. 


CCl9.CHO.HjO -f NaCN H- C3H5OH 

- CHClj.COOr^Hs + NaCl + HCN + H^O. 


The product is shaken with water, the ester removed with ether, 
dehydrated and distilled. 

On boiling with water dichloracetic acid is converted into glyoxalic 
acid, 


CHCL CHO 

[ 4- HjO - I 

COOH COOH 


+ 2HC]. 


Preparation 41. 

Trichloracetic Acid. — This acid may also be obtained by direct 
substitution of acetic acid by chlorine (Dumas) (see Prep. 29, 
p. 106). The oxidation of the corresponding aldehyde is, however, 
the more convenient method. Trichloracetic acid decomposes 
with alkalis on heating into carbon dioxide and chloroform, 

CCI9.COOH CHCI3 4- COj. 

The reaction resembles the formation of methane from sodium 
acetate when heated with soda-lime. 

On reduction with sodium or potassium amalgam, trichloracetic 
acid is converted into acetic acid (Melsens), 

CCJ9.COOH 4 “ 3Hj = CH3.COOH + 3HCI. 

Whereas mono- and tri-chloracetic acid are solid, dichloracetic 
is a liguid at the ordinary temperature. 
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Preparation 42, 

Oxalic Acid. — ^The preparation of oxalic acid by the action of 
nitric acid on sugar was introduced by Scheele, and was used 
for some time as a technical process. The vanadium pentoxide 
acts as carrier of oxygen^ being alternately reduced to tetroxide 
and re-oxidised. The small yield is accounted for by the simul- 
taneous formation of mesoxalic acid, ITO.CO.f'O.CO.OII, which 
remains in solution (Cliattaway). The present commercial method 
is to heat sawdust with a mixture of caustic potash and soda on 
iron plates to 200 — 220°, and to lixiviate the product with water. 
The acid is precipitated as the calcium salt, which is then 
decomposed with sulphuric acid. A more recent method is to 
convert sodium formate into sodium oxalate by heating, 
when hydrogen is evolved, 

HCOONa COONa 
+ == j -f- H 

HCOOKa COONa 


Preparation 45. 

Oxaloacetic Ester is another example of the acctoacetic ester 
synthesis (see Prep. 26, p. 98). 


Preparation 46. 

Glyoxalic and Glycollic Acids. — The process of electrolytic 
reduction has been applied successfully to a large number of organic 
compounds, and has not only been found to have definite practical 
advantages in many cases over other methods, but, on account 
of the ease with which it may be controlled, has elucidated the 
various stages in the mechanism of some of the more complex 
changes. The reduction of nitro-compounds is illustrated in Preps, 
61 and 62. The reduction of organic acids, ketones and carbonyl 
compounds generally has been developed by Tafel and others, and 
in these cases it is found advantageous to use a mercury or lead 
electrode. An essential feature of the process is a clean metallic 
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surface at the cathode and the absence of foreign metallic impurities. 
The reduction of the carbonyl group proceeds in three steps : 

(>CO + 2H), =rX(OH) ^ XoH) 

>CO-f-2H --==>CHOH 
>CO + 4H «>CH2 -f H,0. 


Preparation 47. 

Formie Acid. — In addition to the method described, the acid is 
formed in the decomposition of chloral (see p. 121), chloroform 
(see Prep. 13, p. 80), by the action of cone. HCl on the isocyanides, 

C3H5NC 4. 2 H ,0 = CjHjNHg 4 - HCO.OH, 

by the decomposition of aqueous hydrocyanic acid, which yields 
the ammonium salt, 

HCN 4 2H3O = HCOONH,, 

and by the oxidation of methyl alcohol with potassium dichromate 
and sulphuric acid. It is present in the sting of ants and nettles, 
and is also occasionally found among the products of bacterial 
fermentation of polyhydric alcohols and carbohydrates. The 
commercial method is to act on solid NaOH with CO under pressure 
and at a temperature of about 160° : 

CO 4 NaOH = HCOONa. 

ITie calcium salt is used in the preparation of aldehydes by heating 
it with the calcium salt of a higher aliphatic acid, 

fHCOO)yCa 4 (CHj.COOj^Ca = aCHjCO.H 4 2CaC03. 

The reducing action of formic acid and formates on metallic oxides 
and salts may be ascribed to the presence of the aldehyde group 
( 0 H)CH :0 in the acid. 


Preparation 48. 

Ai|yl AleahoL — ^Note the difference produced by the change in 
th<^.i0(dative quantities of glycerol and oxalic acid, and the tempera- 
tuiiat which the reaction is brought about. In the case of formic 
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acid^ it is the oxalic acid alone which undergoes decompositi<m, and 
theoretically a small quantity of glycerol will effect the decomposition 
of an unlimited amount of oxalic acid. But at the higher tempera- 
ture it is the glycerol which yields the main product. Allyl alcohol, 
being an unsaturated compound, forms additive compounds with 
halogens and halogen acids. With permanganate solution it may 
be converted into glycerol, 

CH^:CH,CH^OH -f Hj,0 + O = CH.OH.CHOH.CHpH. 

On oxidation with silver oxide it yields the corresponding aldehyde 
(acrolein) and the acid (acrylic acid). 

Preparation 49. 

Isopropyl Iodide. — ^The replacement of hydroxyl by iodine in 
the action of phosphorus and iodine on alcohols has already been 
described (see Prep, 3, p. 64), but here the presence of an excess of 
hydriodic acid, which is due to the action of water on the phosphorus 
iodide, 

PI 3 H- 3H,0 == r(OH), + 3 HI, 

exerts in addition a reducing action on certain of the hydroxyl 
groups. By diminishing the proportion of phosphorus and iodine 
to glycerol, the reaction may be interrupted at an earlier stage, 
when allyl iodide is formed. This is probably due to the splitting 
off of iodine from propenyl tri-iodide, 

CHJ.CHl.CHal = CHg-.CH.CH^I 4 - l^. 

On the other hand, a larger proportion of phosphorus and iodine 
or cone, hydriodic acid will reduce allyl iodide to propylene, 
CH,:CH.CHjI + HI = CHj-.CH.CHg + la- 

The action of hydriodic acid on glycerol is typical of the poly- 
hydric alcohols. Hydriodic acid converts erythritol into secondary 
butyl iodide, and mannitol into secondary hexyl iodide. The 
normal iodides are never formed. 

Preparatiojj 50. 

Epteblorhydriii. — It is a noteworthy fact that although hydro- 
chloric acid can replace hydroxyl by chlorine in the case of the 
monohydric alcohols, the number of hydroxyl groups which are 
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substituted in the case of poiyhydric alcohols is strictly limited. 
Like glycerol, ethylene glycol gives a chlorhydrin, 

CHjOHXHjjOH -f HCl « CH.OH.CHgCl + Ufi. 

The remaining hydroxyls can always be replaced by chlorine 
by the action of PClg. The chlorhydrins may also be obtained 
by the action of HOCl on the olefines. It is a general property 
of these compounds to form the oxide when heated with caustic 
alkalis. Ethylene chlorhydrin gives ethylene oxide in this way, 
CHjCl.CHjOH -f NaOH = CHj.CHj -f NaCl + HjO. 

C) 


Compounds like ethylene oxide and epichlorhydrin may be 
regarded as inner ethers, 


°<i„. 

Ethylene oxide 


CH. 

Vh. 


o< 

■'H, 

Dimethyl ether. 


These oxides are easily decomposed. With water, ethylene oxide 
forms glycol ; with hydrochloric acid, the chlorhydrin ; with hydro- 
cyanic acid, the cyanhydrin. Epichlorhydrin behaves similarly. 


Preparation 51. 

Succinic Acid. — ^Tartaric acid, like malic acid, is converted into 
succinic acid on reduction with HI, and the relationship of these 
three acids is thereby estaiilishcd. The constitution of succinic 
acid itself has been determined by its synthesis from ethylene 
(Maxwell Simpson), Ethylene unites with bromine, forming 
ethylene bromide, which yields ethylene cyanide with potassium 
cyanide. The latter is then hydrolysed. 

CH, CHjBr CHjCN CH2.COOH 

<!h,CN hlj.COOH 

It is an interesting fact, not yet fully explained, that the alkyl 
succinic acids give anhydrides more readily than succinic acid, 
and the greater the number of alkyl groups, the more readily is the 
alubydride produced. Thus the anhydride of tetramethyl succinic 
acid is so stable that it is not decomposed by water. 

‘ The symmetrical dialkyl succinic acids exist in two forms, each 
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yielding a separate anhydride. From their similarity to the 
anhydrides of hexahydrophthaJic acid, they are distinguished as 
cis- and ^mwx-compounds (see Notes on Prep. 55, p. 404). 


CH^ 

i: 


H,CO 
>0 

H.CO 


Ha 

Dimethylsuccinic 

anhydride. 


CHj 

//\ 

H.C CH.CO 


HJ 


1 >0 

CH.CO 


Yh, 

Hexahydf) 


cahydropnti 

anhydride. 


ththalic 


Preparation 52. 

Ethyl Tartrate. — ^The speculations of Pasteur (i860) on the 
cause of the optical activity and hemihedry of tartaric acid and 
its salts, and of Wislicenus (1873) existence of three hictic 

acids, have developed in the hands of Van’t Hoff and Le Bel 
(1874) into the present theory of stereo-chemistry or atomic space 
arrangement. Optical activity is found to be invariably associated 
with the presence in the substance of an asymmetric atom, 
one linked to four different groups. Now every as^Tumetric 
(unsymmetrical) object like a hand or foot has its fellow ; but the 
two do not precisely overlap, and every substance containing 
an asymmetric carbon atom, round which the four groups are 
distributed — not, as usually represented, in one plane, but in space 
of three dimensions — is capable of existing in two forms, which 
correspond to a left and right hand, or to an object and its reflected 
image. 

This is represented by making the carbon atom the centre of 
a tetrahedron and attaching the four different groups to the four 



solid angles. The two forms will then appear as in the Fig., in 
which ABCD represent four different groups. When using actual 
cohen's p. o. c. d d 
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ijiodelSj it will be found that they cannot be turned so as to coincide 
until two of the groups in one model have been interchanged. 

The main difference between two such substances lies in their 
action on polarised light, the one turning it to the right (dextro- 
rotatory) and the other to the left (lae vo-rotatory), when in the liquid 
or dissolved state. Although every optically active substance 
contains at least one asymmetric carbon atom like amyl alcohol and 
malic acid, or two like tartaric acid (the asymmetric carbon is 
represented in heavy type), 


CH, 


CjHj— C—H 

injOH 

Active amy] alcohol. 


CHjj.COOH 
HO— C— H 

<!:ooh 

Malic acid. 


H 


OOH 

OOH 


H 

Tartaric aad. 


the converse does not always hold; for there are many compounds 
which possess an asymmetric carbon atom and show no rotation. 
The cause of this may be, either that the substance is a mixture 
of equal quantities of the two forms, which by having opposite 
rotations neutralise each other’s effect, as in the case of racemic 
acid^ which consists of equal quantities of dextro- and laevo-tartaric 
acid and produces what is termed external compensation,” or 
the two similar asymmetric carbon atoms exist within the same 
molecule and neutralise each other’s effect by internal compensa- 
tion,” as in the case of mesotartaric acid. External compensation 
is generally exhibited by artificially prepared compounds as dis- 
tinguished from natural products. Thus glyceric acid from glycerol 
is inactive, though it contains an asymmetric carbon atom, 

CHjOH 
H— jj— OH, 

dooH 

because it consists of a mixture of dextro- and laevo-glyceric acid 
in equal quantities, whereas tartaric acid, which occurs in grapes, 
malic acid, which is obtained from mountain ash berries, and also 
the sugars, terpenes, alkaloids, and a number of other natural 
products are all active. One of the great achievements of Pasteur 
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in this line of research was the separation of inactive externally 
compensated ’’ compounds into their active components or optical 
antipodes or enantiomorphs.’’ One method of separation is 
described in Prep, 53. For details of other methods a book on 
stereo-chemistry must be consulted. 

On the formation of ethyl tartrate, see notes on Prep. 25, p. 284. 
Ethyl tartrate may also be obtained by the method described 
in Prep. 134, which rather curtails the operation and does not 
necessitate the use of more than half the quantity of ethyl alcohol 
required by the earlier process. 

Preparation 53. 

Racemic and Mesotartaric Acids. — These two acids represent 
two inactive types of compounds containing asymmetric carbon 
atoms (see above). Apart from certain well-marked differences 
in physical properties they also differ in one important feature; 
racemic acid can be resolved into its optical enantiomorphs, whereas 
mesotartaric acid cannot. The latter belongs to what is termed the 
inactive indivisible type. If we examine the structural formula 
of tartaric acid it will be seen that it possesses two asymmetric 
carbon atoms, denoted in the formula by thick type. 

H 

COOH 
H COOH* 

A 

Each asymmetric carbon atom is attached to similar groups. 
Let us suppose that each asymmetric carbon with its associated 
groups produces a certain rotation in a given direction. We may 
imagine the following combinations of two similar asymmetric 
groups. Both produce dextro-rotation, or both produce laevo- 
rotation. They will represent the dexlro and laevo enantiomorphs, 
and the mixture of the two will produce inactive racemic acid. 
Racemic acid is said to be inactive by external compensation. Sup- 
pose, finally, that the two asymmetric groups produce rotation 
in opposite directions. They will neutralise one another. The 

DD 2 
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resulting compound will be inactive by internal compensaiian. 
Such a compound cannot be resolved by any process into its active 
components. The above compounds may be represented by the 
following projection formulae, in which the groups must be assumed 
to occupy three-dimensional space (the asymmetric carbon atoms 
being denoted by cross-lines), 

COOH COOH COOH 


OH~^ 

— H 


—OH 

H— 


—OH 

OH— 

— H 

H— 


COOH COOH COOH 

rf. Tartaric acid, /. Tartanc acid. 

Racemic acid . M t sotartanc acid . 

The conversion of active tartaric acid into the inactive forms 
is known as focemisatim, and according to Winther is effected by 
the interchange of the groups round each asymmetric carbon atom 
successively, so that part of the active acid is first converted into 
mesotartaric acid, which then passes into the laevo variety. 


Preparation 55. 

Citraconic and Mesaconic Acid. — The theory of Le Bel and 

VanT Hoff has been extended to unsaturated compounds like 
fumaric and maleic and the above two acids, which form isomeric 
pairs. These two pairs of acids bear a close resemblance. It 
has already been observed in the course of the preparation that 
citraconic is readily converted into mesaconic acid. Moreover, 
they both yield pyrotartaric acid on reduction, but only one, 
citraconic acid, forms an anhydride. Maleic acid in the same 
way is easily converted into fumaric acid by bromine, both maleic 
and fumaric aeid yield succinic acid on reduction, but only maleic 
acid forms an anhydride. The explanation is as follows : in each 
pair of compounds there exist two carbon atoms linked to one 
another by a double bond and each attached to two different groups. 
Van’t Hoff refers the isomerism of each pair to a space arrangement, 
which may be rqiresented by supposing two tetrahedra to be joined 
by a common edge. As the centre of each tetrahedron is occupied 
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by a carbon atom, and the four bonds are directed towards the four 
comers of the tetrahedron, this space arrangement will correspond 
to a doubly-linked carbon. If the two spare corners of each tetra- 
hedron are now occupied by different groups, it is j>ossible to 




produce two forms by transposing one pair of groups. Supposing 
A and B to represent two different groups, the above forms will 
result. 

The two pairs of acids will be represented as follows : — 



Fumaric acid. Maleic acid. Mcsaconic acid, Citraconir acid. 


Isomerism in this case is not characterised by optical activity, 
as the groups lie in one plane and no structural asymmetry is 
possible; but is exhibited by such physical differences as solu- 
bility, melting-point, electrical conductivity, and by the fact that 
in the case of dibasic acids only one of the pair yields an anhydride. 
Maleic and citraconic acids form anhydrides, but fumaric and 
mesaconic acids do not. In the case of the acids which form anhy- 
drides, the carboxyl groups are supposed to be nearer together, 
i,e, on the same side (cts) of the molecule, in the other case on opposite 
sides (trans) of the molecule. Maleic and citraconic are “ cis 
acids, fumaric and mesaconic are ‘‘ trans acids. The followiiag 
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table gives the various physical properties, solubility, melting-point, 
and dissociation constant K of the two pairs of acids. 

S. M. p. K. 

Very soluble. 130° 1-17 

Much less soluble. Sublimes at 200*’ ’O93 

Very soluble. 80® *340 

Much less soluble. 202° *079 

Preparation 56. 

Acetone dicarboxylic Acid and Ester. — Like acetoacetic ester, the 
hydrogen atoms of the CHg groups may be replaced by alkyl groups 
by the combined action of sodium ethoxide and an alkyl iodide. 
Both CHg groups are affected in the same way, and thus four alkyl 
groups (R) may be introduced. 

CjHjOOC.CR^.CO CRg COOC^Hg. 

Preparations 57, 58. 

Chloro- and Bromo-benzene. — The replacement of hydrogen by 
the halogens Cl and Br, in the nucleus of aromatic hydrocarbons, is 
assisted by the presence of a “ halogen carrier/’ the action of which 
has been referred to in the Note on the preparations of chlor- and 
brom-acetic acids, p. 390. Iodine, iron, iron and aluminium 
chlorides and bromides, the aluminium-mercury couple, and 
pyridine all behave in this way. The action of iodine has already 
been explained on p. 390. Iron and its salts are supposed to act by 
alternately passing from the ferrous to the ferric state, the ferric 
salt delivering up its halogen in the nascent state, 

2FeBr, -f Br* = 2FeBrs. 

FeBrg === FeBr« -f Br. 

The action ef aluminium and its compounds is not fully under- 
stood. Pyridine probably acts by the intermediate formation of 
the perbromide, as explained. 

Unless a large excess of the hydrocarbon is present, the action 
of the halogen will effect the substitution of a seepnd atom of 
hydrogen. By increasing the proportion of halogen, all the hydrogen 
may be ultimately replaced by chlorine or bromine. The second 


Maleic 
Fumanc . 
Citraconic 
Mesacoiuc 
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halogen atom enters the ortho- and para-positions, rarely the meta-. 
Another kind of compound is obtained if the halogen is allowed to 
act in presence of sunlight. In the case of benzene, the additive 
compounds, benzene hexachloride and hexabromide, are then 
formed. They are very unstable compounds, and readily give off 
hydrochloric and hydrobromic acid. If boiled with alcoholic 
potash they are decomposed, forming trichloro- and tribromo- 
benzene, 

CeHeCle + 3KOH = CeH^CI, + 3KCI + sH^O. 

If chlorine and bromine are allowed to act upon an aromatic 
hydrocarbon like toluene, which has a side-chain, substitution 
may occur in the nucleus or the side-chain, according to the condi- 
tions. Generally speaking, in the cold and in presence of a “ halogen 
carrier,” nuclear substitution occurs, but at a high temperature the 
halogen passes into the side-chain (see Prep. 109, p. 228). 

The halogen derivatives of the aromatic hydrocarbons, like 
those of the aliphatic series, are colourless liquids or solids, denser 
than water, and possessing an agreeable smell, unless the side-chain 
is substituted. The latter substances can often be distinguished by 
their irritating action on the eyes and mucous membrane of the 
nose (see Prep. 109, p. 228). 

The halogen in the aromatic nucleus is much more firmly fixed 
than in the case of the aliphatic compounds, e.g., bromo-benzene is 
quite unaffected by most of the reagents which act upon ethyl 
bromide. The presence of «2/r<7-groups, however, disturbs this 
stability, and the halogen m a substance like dinitrochlorobenzene is 
readily replaced by hydroxyl with potash, or by with ammonia 
(see Prep. 99, p. 216). When the halogen is in the side-chain, 
the substance behaves like an aliphatic compound. 


Preparation 59. 

Ethyl Beazene. — Fittig’s reaction,” so called from its discoverer, 
is analogous to the synthetical method employed by Wurtz for the 
preparation of the aliphatic hydrocarbons, as in the formation of 
butane from ethyl bromide, 

2CjH5Br -f- 2Na = + 2NaBr. 
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In the case of the aromatic hydrocarbons, a second side-dbain 
may be introduced from a dibromo-derivativc either simultaneously 
with the first, or subsequently by a repetition of the process. 
Both dibromobenzene and monobromotoiuene may be converted 
into xylene. 

C^HaBr. -f 2CH3I -f 4Na = C<,H4(CH8)js 4- 2NaBr -f 2NaI. 

C^H^BrCH, -f CHgl 4- 2Na = C.H4{CH,)8 4- Nal 4* NaBr. 

The action also takes place between aromatic hydrocarbons sub- 
stituted either in the nucleus or side-chain, Bromobenzene yields 
diphenyl, whereas benzyl bromide yields dibenzyl, 

2 C^HgBr 4- 2 Na = CgH^.CgH. 4- 2NaBr. 

2C«H5CH2Br 4- 2Na = C.H^.CHg.CHg.C JI5 4- 2NaBr. 

This reaction does not, however, occur with the same readiness 
in all cases, nor does it always yield exclusively the anticipated 
product. Para-bromotoluene and sodium give tolyl phenyl methane 
and dibenzyl as well as ditolyl (Weiler). Again, /)-bromotoluene 
gives a good yield of ^-xylene ; the ortho-compound reacts sluggishly, 
whilst the meta-dcrivative gives no xylene. Occasionally the action 
is vigorous, and has to be moderated by dilution with an indilTcrent 
solvent. At other times it is sluggish and has to be promoted by 
raising the temperature. Often the addition of a little ethyl acetate 
will start the decomposition. For the synthesis of some of the 
aromatic hydrocarbons, it is preferable to use the Fried el-Crafts 
reaction (see Prep. 135, p. 257). 


Preparation 60. 

Nitrobenzene. — The formation of nitro-compounds, by the action 
of strong nitric acid on the hydrocarbon, is a disStinctive property 
of aromatic compounds, although recent researches have shown 
that dilute nitric acid under pressure will convert some of the 
paraffins, especially the tertiary hydrocarbons, into mono- and 
di-nitro-derivatives. The production of nitro-compounds is usually 
effected by strong or fuming nitric acid, or solid potassium nitrate, 
in presence of cone, sulphuric acid. Where the action is vigorous, as 
in the case of the phenols, it is necessary to use moderately dilute 
acid. The number of hydrogen atoms replaceable by the nitro- 
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group (NOg) is limited. In benzene the first nitro-group is intro- 
duced with great ease, the second less readily, and the third with 
some difficulty. The position taken up by the nitro-groups may be 
briefly stated as follows : When a negative group (nitro, carboxyl, 
cyanogen, aldehyde) is already present, the nitro-group enters the 
meta-position to the first group. In the presence of other groups 
(alkyl, hydroxyl, halogen, amino), the nitro-group attaches itself 
to both ortho- and para-positions. Benzoic acid and benzaldehyde 
give, on nitration, mainly meta-compounds, whereas toluene, phenol, 
and aniline form simultaneously ortho- and para-derivatives. 

Nitro-compounds have often a yellow or red colour, are with 
difficulty or not at all volatile, possess a much higher boiling-point 
than the corresponding halogen derivatives, and are denser than 
water, and insoluble in that liquid. 


Preparations 6i — 63. 


Azoxybenzene, Azobenzene, Hydrazobenzene.— Nitro-compounds 
yield a series of reduction products according to the nature of the 
reducing agent. Alkaline reducing agents ; sodium methylate, 
zinc dust and caustic soda, stannous chloride and caustic soda, 
produce successively azoxy-, azo- and hydrazo-compounds. 


C^H.NO, 

C«H,NO, 

Nitrobenzene. 


CgH^N.O 

Azoxybenzene, 


CeH,N CeH,NH 

C„H,NH 

Azobenzene. Hydrazobenzene, 


The sodium methylate acts as a reducing agent by taking up 
oxygen and giving up hydrogen and so forming sodium formate. 

In the preparations, the nitrobenzene is converted by successive 
steps into azoxy-, azo- and hydrazo-benzene ; but, by suitably 
modifying the conditions, the intermediate steps may be omitted. 
Thus, nitrobenzene may be converted with alcoholic caustic soda 
and zinc dust directly into hydrazobenzene. 

If the reduction of nitrobenzene takes place in neutral solution 
with zinc dust and water in presence of a little calcium or ammonium 
chloride, or with aluminium-mercury couple and water, p-phenyl- 
hydroxylaminc is formed (see Prep. 64, p. 164). 


+ 2Hs == CeH^NHOH + H,0. 
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Reduction in acid solution produces an amine (see Prep. 65, p. 
165). The mechanism of the change, although giving rise to such 
different products when carried out in alkaline, neutral, or acid 
solution, is not essentially different in the three cases. The first 
reduction product is nitrosobenzene, CgH^NO, followed by that of 
p-phenylhydroxylamine. In alkaline solution the two compounds 
unite with elimination of water to form azoxybenzene, which may 
undergo further reduction in a normal fashion, giving rise to azo- 
and hydrazo-benzene. In acid solution, on the other hand, phenyl- 
hydroxylamine does not combine with nitrosobenzene and can then 
undergo further reduction. The reduction of nitrobenzene in 
alkaline and neutral solution is also effected, as already described, 
by electrolysing the liquid in contact with the negative electrode. 
If the process is conducted in presence of concentrated sulphuric 
acid />-aminophenol is obtained (Gattermann). The latter is pro- 
duced by intramolecular change from phenylhydroxylamine, which 
is first formed, 

C^H^NHOH = OHCeHjNH^. 

Azobenzene, though not a colouring matter, may be regarded as 
the parent substance of the large family of azo-colours which are, 
however, prepared by a totally distinct method, viz., by the action 
of a diazo-salt on a phenol or base (see Prep. 89, p. 202). The 
intramolecular change from hydrazobenzene to benzidine is one of 
great technical importance. The change occurs by the transfer 
of the link between the two nitrogen atoms to the two carbon atoms 
in the />ara-position, 

If one of the nuclei of hydrazobenzene is already substituted 
in the />ara-position, the reaction may give rise to diphenylamine 
derivatives, whiyh are known as ortho- or para-semidines (Jacobson), 

/ \ ” 

^ NH, 

pm-semidiiie. OrtluHsemldiiie. 
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Benzidine and its homologues are used in tlie manufacture of 
valuable azo-colours, Congo-red^ henzoputpurin, &c. (see p. 425). 


Preparation 64. 

Phenylhydroxylamine. — The necessity for conducting the reduc- 
tion of nitrobenzene in neutral solution has been explained in the 
previous note. In addition to the reagent named in the preparation, 
the aluminium-mercury couple in presence of water or ammonium 
sulphide in alcoholic solution may be also used. The conversion 
of nitrobenzene into ^-aminophenol on electrolysis in acid solution 
will also be evident from the fact that phenylhydroxylamine readily 
undergoes isomeric change. Phenylhydroxylamine reacts with 
nitrous acid, forming a nitroso-derivative, 

CeHjNHOH + HNO.^ = CeH5N(NO)OH + H.p. 

It also condenses with aldehydes in the following way : 

CeHfiNHOH 4 -= C^H^N— CH.Cell^ 4- H^O. 


Nitrosobenzene, which shares the general character of nitroso- 
compounds in giving rise to a green vapour or solution, is readily 
reduced to phenylhydroxylamine and aniline. It condenses with 
amino-compounds, yielding azo- or diazo-derivatives. 


C«H,NO 4- C,H,N:N.CoH, 4- H,0. 

C\Hg]^0 4- H 2 N.OH = CeHgN X.OH 4* H,0. 


Preparation 65. 

Aniline. — ^The reduction of a nitro-compound in an acid solution 
is a very general method for preparing primary amines. For 
laboratory purposes it is customary to use tin and hydrochloric acid 
or a solution of stannous chloride crystals (SnClg + 2H 0) in cone, 
hydrochloric acid or zinc dust and acetic acid. The manufacture 
of aniline on the industrial scale is effected by means of iron borings 
and hydrochloric acid; but of the latter only a fraction of the 
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theoretical quantity, required by the equation Fe + aHCl FeCl* + 
Hg, is employed. The main reaction is probably represented by the 
following equation : 

CjH^NOg + 2Fe + 4HP == CeH^NH, + Fej(OH),. 

When the base is volatile in steam, as in the present case, the 
simplest method of separation is to add an excess of alkali and to 
distil in steam. Otherwise the base may be separated by shaking 
out with ether, or the tin may be precipitated in the warm solution 
by HgS and the filtrate evaporated to dryness. If the compound 
contains more than one nitro-group» the reduction is carried out 
with one of the above reducing agents in the manner described, but 
if it is necessary to reduce only one of the nitro-groups, it is effected 
by the action of H^S in presence of ammonia (see Prep. 71, p. 175). 
Another method, which may also be used for determining the number 
of nitro-groups, is to prepare an alcoholic solution of the nitro- 
compound, and to add an alcoholic solution of the calculated 
quantity of stannous chloride. In this way the reduction of the 
groups may be carried out in succession and estimated. 

The aromatic amines are colourless liquids or solids, which 
may be distilled without decomposition. Although they fonn salts 
with acids, they are much \\eaker bases than the aliphatic amines 
owing to the negative character of the phenyl group. ITie salts 
have an acid reaction to litmus, whilst the free bases arc neutral, 
llie neutrahsation of an aromatic base by acid is usually determined 
by the use of methyl violet, magenta, or Congo-red paper. 7 'he 
first is turned green, the second colourless, and the third blue by 
free acid. Aromatic amines, containing the amino-group in the 
side-chain, have the basic character and properties of aliphatic 
amines. 


Preparations 66, 67. 

Aeetaiiiilde, Acetehloranilide, Chioracetaniiide, BromaeetsniUde. — 

Primary and secondary bases form acetyl derivatives with acetic 
acid, acetyl chloride or acetic anhydride (see Reactions, pp. 88^ 
89). Tertiary bases are unacted on in this way. As the acetyl 
derivatives are much less volatile than the original bases, the 
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method is frequently used for separating a tertiary base from 
mixtures containing the other two (see Prep. 72^ p. 176). The 
anilides are very stable compounds ; they can be distilled, as a rule, 
without decomposition, and may be directly brominated, chlorinated 
and nitrated. In these reactions, either the ortho- or para- or both 
derivatives are formed. The remaining hydrogen atom of the 
amino-group may be replaced by ( 1 ) a second acid radical, by the 
action of acetic anhydride, (2) sodium, by the action of the metal, 
(3) a nitroso-group, with nitrous acid, and (4) chlorine or bromine, by 
the action of hypochlorous or hypobromous acid. 

C^gH 5N (CO. C 1^3)2 Diacetanilide 

CuU5NNa.CO.CH3 Sodium acetanilide 

CglIpNfNOlCO.C'Hj Nitrosoacetanihdc 

CuH5NQ.CO.CH3 Acetchloranilide. 

The mechanism of the change effected in producing substitution 
products by halogens may possibly occur in two steps as follows 

CJI5NHCO.CH3 -I- HOCl =- CgHuNClCOCHu 4- Hp 
CeHgNCl.CbCHa ^ 

The halogen enters the para-position if it is free, otherwise the ortho- 
position, but never the meta-position. 

All the anilides are hydrolysed by strong mineral acids or alkalis 
and the acid radical removed (see also Beckmann’s reaction, 
Prep. i 35 > P- 258). 

Forraaniiide is a tautomeric compound, /.e., it reacts as though 
it {X)ssessed the alternative formula', 

CgH5N;CH{OH) CuHgNH.CO.H, 

for it yields two isomeric ethers, the one by the action of methyl 
iodide on the silver salt, and the other by the action of methyl iodide 
on the sodium compound (Comstock). Acetanilide is known in 
pharmacy as anttfehrin, and is used as an antipyretic. 
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Preparations 70, 71, 

/77-Diii!trobenzem.'~~In the Notes on Prep. 60, p. 408, it is 
mentioned that the second nitro-group enters the meta-position to 
the first. This is usually the case where two acid groups are succes- 
sively introduced into the hydrocarbon. Thus, benzene disulphonic 
acid, obtained by heating benzene sulphonic acid (see Prep. 90, p. 203) 
with fuming sulphuric acid, is a meta-compound. 

m-Kitraniline. — ^The reduction product of w-dinitrobenzene is 
naturally w-nitraniline. The 0- and ^-nitranilines can be obtained 
by acting upon aniline or, preferably, acetanilide, with fuming 
nitric acid (see pp. 171 — 173). 

Whereas the first nitro-group of a tri- or di-nitro derivative is 
rapidly and completely reduced by ammonium sulphide, the second 
is very slowly attacked. The rate of change appears to be deter- 
mined mainly by the acidic nature of the molecule as a whole, the 
halogens and carboxyl playing a similar role to that of the nitro- 
group. In all these cases hydroxylamine compounds are produced 
as intermediate products. 


Preparation 72. 

Dimethylaniline. — It is a well-known fact that the alkyl halides 
convert the primary amines into secondary and tertiary bases 
(Hofmann). The formation of dimethylaniline is probably due to 
the action of CH3CI, which is formed, as an intermediate product, 
by the action of hydrochloric acid on the methyl alcohol. There 
is always a small quantity of mono-methylaniline, QHgNHCHg, 
produced at the same time. The three bases cannot well be 
separated by fractional distillation, as their boiling points lie too 
near together, * 

Aniline 183° 

Methylaniline 192® 

Dimethylaniline 193 ®* 

It is for this reason that the action of acetic anhydride is utilised, 
which only unites with the primary and secondary base. Dimethyl- 
aniline is a weak base, which, like aniline, is neutral to litmus, but 
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gives no stable salts. It is used in the preparation of malachite 
green (benzaldehyde green) by heating together dimethylaniline, 
benzaldehyde, and solid zinc chloride. The product (leuco- 
malachite green) is then oxidised with lead peroxide and hydrochloric 
acid (see p. 266), 


HC./-' 

i^O 


C.H. 


H|C,H4N(CH,), 


/C.H, 


/C.H, 
HOCfc,H.N{CH,). 

Base of malachite green. 


Leuco*maiachite green. 


The latter; in presence of the hydrochloric acid; is converted 
into the hydrochloride; 






C.H. 


HOC:^,H.N(CH,). + HCl = C^C,H,N{CH,), + H,0. 

\C.H.N(CH,). \C,H.:N(CH,),C1 

Hydrochloride of 
malachite green. 


Dimethylaniline is also used for the preparation of tetramethyl- 
diaminobenzophenone (Michler^s compound), which forms the basis 
of many colouring matters, and is obtained by acting upon dimethyl- 
aniline with phosgene, 

COCl, + 2 C.H.N(CH,), = + 2 HCI. 

Michler’s compound. 


Preparation 73, 

Nitrosodimethylaailine.— It is a peculiarity of the tertiary 
aromatic amines, which distinguishes them from the corresponding 
aliphatic compounds, that they are capable of reacting with nitrous 
acid. Here the nitroso-group replaces hydrogen in the para-position 
to the dimethylamino-group. 

The substances, thus formed, are bases, and form salts with 
acids, which dissolve in water with a yellow colour. The solubility 
of the hydrochloride of the nitroso-bases in water distinguishes them 
from the nitrosamines of the secondary bases, which are insoluble. 
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Nitn^sodimethyianiline is readily oxidised to nitiodimethylanilme. 

It is an interesting iwct that tixe nitrosamines of the secondary 
bases undergo molecular change when acted on with alcoholic 
hydrochloric acid. The nitroso-group is thereby transferred to the 
para-position in the nucleus (0. Fischer). 

C6HfiK(NO)CH3 = NO.CeH^.NHCHa. 

The para-nitroso derivatives of both secondary and tertiary 
amines are decomposed with caustic soda into nitrosophenol and 
alkylamine. 

The formation of methylene blue may be explained as follows : 
By the action of ammonium .sulphide on nitrosodimcthylaniline, the 
nitroso-group is reduced to an amino-group. Two molecules of 
^-aminodimethylaniline then combine with the elimination of 
ammonia to form a diphenylamine derivative, 

(CH3)2NC,H;.NH7‘’*HiHNCeH4N(CH3), 

- (CH3)3NC3H,,NfI.C,H4N(CH3)j. 

The sulphur of the hydrogen sulphide then enters the mole- 
cule under the oxidising influence of the ferric chloride, forming a 
thiodiphenylamine derivative, 

H ^ H 

N— C,H,.N{CH,)ja - (CH,),TSiC,n,.N:C,H,:N(CH,),a 

H \s/ 

S— H 

Q Methylene blue. 

Preparation 75. 

Thiocarbanilide, Thiocarbimide, Tripbenylguanidine.— Whereas 
carbon bisulphide reacts with aromatic amino-compounds, yielding 
a thiocarbanilide, with primary aliphatic amines the reaction 
takes a different course and thiocarbamates are produced, 

CS, + 

The product can, however, be converted into the mustard oil 
by treatment with a metallic salt which removes hydrogen sulphide, 

+ NH,.C,H, + SC:NC,H,. 


(CH,),NC,H,. 

H 

H- 

O 
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Among the reactions appended to this preparation^ the formation 
of phenylcarbimide from phenyl mustard oil is described. It 
should be noted that phenyl carbimide^ like the thiocarbimide, 
unites with ammonia, amines, and more especially with alcohols 
and phenols. The bases yield urea derivatives ; the alcohols and 
phenols form urethanes (see pp. 55, 75 and 167). 

CeHgNiCO 4 - NH3 = C.HgNH.CO.NH* Phenyl nrea. 

C,HgN:CO 4- =:= C^HgNH.CO.NHCHj, Methyl phenyl urea. 

C,H3N:C0 + C3H3OH CaHjNH.CO.OCjH^ Phenyl urethane 

-j- CgHgOH = CgHgNH.CO.OCgHg Phenyl carbamic phenyl 

ester. 

The latter two reactions are frequently used for detecting the 
presence of a hydroxyl group (Goldschmidt). 


Preparation 76. 

Diazobenzene Sulphate. — Whereas nitrous acid immediately 
decomposes the primary aliphatic amines with evolution of nitrogen, 


CH3NH2 4. HNO, = CH3OH 4- N3 4- H3O. 

no nitrogen is evolved if nitrous acid is allowed to act upon a 
salt of a primary aromatic amine tn the cold. The solution then 
contains a diazo-salt, which is readily soluble in water. It may 
already have been observed that in the salts of diazobenzene, the 
radical, diazobenzene, C^HgNg, plays the part of ammonium, NH4, 
in the ammonium salts. Diazobenzene chloride, nitrate, sulphate, 
&c., correspond to ammonium chloride, nitrate, and sulphate. 


CeH,N,.Cl 

C3H3N2.NO3 

CeH.N^.SO.H 


NH4.CI. 

NH^.NOg. 


The hydrate of diazobenzene, Cgll^Ng.OH, which would be 
analogous to NH^OH, is also known as an unstable oil. Con- 
siderations of this kind have suggested the alternative formula. 

C.H„.N=N 

. I 

X 


in which X stands for the acid radical (Blomstrand). The nitrogen 
. cohen’s p. 0. c. EE 
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Which combines with the add radical is thereby quinqnevalent, as 
in the ammonium salts.. On the other hand, diaasobenmie hydrate 
forms two isomeric potassium salts, one of which is obtained by 
adding caustic potash to diazobenzene chloride. This compound 
is unstable, and ^unites in the ordinary way with phenols to form 
hydroxyazobenzene derivatives (see Reaction 6, p. 184). The 
second one, which is obtained by heating the first to 130® with 
caustic potash, is very stable, and does not combine directly with 
phenols (Schraube and Schmidt). Other derivatives of diazo- 
benzene exist in two forms, such as the cyanide and sulphonate. 
The difference has been explained as follows : According to this 
theory, the two potassium compounds represent two different 
space configurations similar to that of citraconic and mesaconic 
acid (see p. 404) and the oximes (see p. 437), and are distinguished 
by the terms ‘ syn ’ and ‘ anti ’ (Hantzsch). 

C.HjN CeHjN 

KO.II IjI.ok 

Syn-benzene diazotate of potassium, Anti-l)enzcne diazotate of potassium. 

It is now generally admitted that the diazo-salts of the stronger 
acids, which have only one representative, are most satisfactorily 
represented by the diazonium/^ or Blomstrand formula, and the 
salts are known as diazonium salts. 

A lew of the numerous changes whidi the diazonium salts undergo 
are illustrated in the series of reactions which follow the prepara- 
tion, and are among the most important in organic chemistry. 
Some of these reactions are carried out on a larger scale in Preps. 
77— S3. It will there be noticed that it is unnecessary, as a 
rule, to isolate the diazonium salt, but that the substance is pre- 
pared in solution, and is decomposed by the specific reagent. 

With few exceptions, all aromatic compounds which contain 
a nuclear ammo-group may be diazotised. At the same time 
there are notable differences in the ease with which the process 
is effected. 
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Preparation 77. 

Toliijene from* Toluidine.— It is often desirable to obtain the 
hydrocarbon from the base. The process of diazotisation offers 
the only convenient method. The diazonium salt may be reduced 
by alcohol (Reaction i, p. 183) or, as in the present instance, by 
sodium stannite. Less direct methods are the conversion of the 
diazonium compound into (i) the hydrazine (see p. 197), (2) the 
acid and distillation with lime (p. 242), (3) the halogen derivative 
and reduction with sodium amalgam, or, finally, (4) the phenol 
and distillation with zinc dust. 


Preparation 78. 

p-CresoI. — ^This reaction resembles that of nitrous acid on an 
aliphatic primary amine; but the liquid requires to be warmed. 


Preparations 79, 80. 

p-Chlorotoluene, p-BromotoIuene. — The action of cuprous 
chloride, bromide, and cyanide on diazonium chlorides was dis- 
covered by Sandmeyer, and is known as ‘ Sandmeyer’s reaction.^ 

CeH,N,.Cl -CeH.Cl + N,. 

C,H,N,.Br = CflH.Br + N,. 

CeH.N^.CN CeH.CN + 

Some of the cuprous chloride compounds oi the diazonium salts 
have been isolated and analysed, and correspond to the formula 
CgH^N^Cl.CugClg (Hantzsch). The formation of a crystalline copper 
compound is rendered very evident in the present preparation. 
A modification of Sandmeyer’s reaction is the introduction of pre- 
cipitated metallic copper in place of the cuprous salt (Gattermann). 

The oxidation of a side-chain by means of permanganate solution 
is one which is commonly employed where the acid is required. 
The monohaJogen derivatives are readily oxidised in this way, but 
greater difficulty is experienced if two halogen atoms or other acid 
groups are present. The dichlorotoluenes, for example, are only 
slowly attacked. 


EK 2 
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Preparation 81* 

lodosotoluene. — ^The most interesting of the compounds belonging 
to this ptep, which were carefully investigated by V. Meyer, is 
the substance prepared by shaking a mixture of iodosobenzene 
and iodoxybenzene (obtained by the oxidation of the iodoso- 
rompound) with moist silver oxide* Diphenyliodonium hydroxide 
is thus produced, which in basic properties resembles ammonium 
hydrate, 

CeHJO + CeH JO, + AgOH = (CeH^) J.OH + AglO,. 

With hydriodic acid it forms the iodide, 


Preparation 83. 

Diazoamlnobenzene. — Diazoamino-compounds are also formed 
by the action of diazonium salts on primary and secondary amines 
of both the aliphatic and aromatic series. The method given in 
the preparation must then be modified. The diazonium salt is 
first prepared, and the amine stirred in with the addition of sodium 
acetate. The sodium combines with the mineral acid, liberating 
the weaker acetic acid, which thereby assists the separation of the 
diazoamino-compound, (bmpounds of the following formula* have 
been prepared in this way : — 

C gN : N .NHC gH^.C Hg Diazobenzenc-am mo tolu eno . 

CgH gN'.N.NHC.Hg Diazobenzene-ethylaminc. 

CgHgNiN .N (CHg), Diazobenzcne-dimethylaniine. 

CgH gN :N.NC JI Diazobcnzene-piperidine. 

The last compound has been utilised for the preparation of 
fluorobenzene, and its congeners by the action of cone, hydrofluoric 
acid , 

CgHgNiN.NCfiHjo + 2 HF C,HgF -f- 4- CgHj,NH.HF. 

Diazoaminobenzene undergoes the following reactions : — 

I. The hydrogen of the imino-group may be replaced by acid 
and alkyl radicals. In the latter case the sodium compound is 
ktreated with an alkyl iodide. 
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2. Phenyl carbimide fonns a urea derivative, 

C,HjN:N.NHC,H, + C4HjN;CO == C.HjNiN.NC.H, 

Nco. 

3. With strong hydrochloric acid_, decomposition into diazonium 
salt and amine takes place^ 

C.HgNrN.NHC.H, + HCl = C«H,N,.C1 + CeH^NH^. 

If nitrous acid is added,, the second molecule of base is also 
converted into diazobenzene chloride. In presence of cuprous 
chloride, chlorobenzene is formed. 

4. On boiling with water, diazoaminobenzene decomposes into 
phenol and base, 

CeHgNiN.NH.CeHg + H^O CellgOH + CeH^NH^ n'- N^. 

5. On reduction, it splits up into phenylhydrazine and aniline, 

CellfiNrN.NHC.Hg -h 2H, ^ CeH^NH.NH^ -f- CeHgNHg. 


Preparation 84. 

Aminoazobenzene. — The conversion of diazoaminobenzene into 
aminoazobenzene resembles the formation of benzidine from 
hydrazobenzene (see p, 163). The diazo-nitrogen seizes on the 
carbon of the nucleus in the para-position to the amino-group, 


N:N.NH<^ \ = 



If the para-position is already occupied, the nitrogen takes the 
ortho-position to the amino-group, 



>— N:N.NH<;^^X 



but the reaction only takes place readily wliere the para-position is 
free. The manner in which the change is brought about has not 
been satisfactorily explained, although from the fact that /?-diazo-.'^ 
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aminotoluene yields^ on warming with aniline hydrodhloride, 
^-toluene azoaminobenzene and ^-toluidine, 

CH,/'”^N:N.NH<^^CH, + 

= + CH 

it would appear as if the hydrochloride of the base were the chief 
factor iti the clecom^odtioi?-. Q.rid that the change wa^ rather inter- 
than tw/m-molecular. Aminoazobenzene, under the name of aniline 
yellow f has been used as colouring matter. Its chief technical 
application at present is in the manufacture of a class of dark blue 
colours^ known as indulines. On reduction with tin and hydro- 
chloric acid, it decomposes into two molecules of base, aniline and 
^-phenylenediamine, a reaction which is shared by most of the 
azo-compounds (see p. 201 X 

CeHftNiN.CeH^NHa = C^H^NHa -f- NHaC^H^NH^. 


Preparation 85. 


Phenylhydrazine, PhenyJmethylpyrazolone. — The use of phenyl- 
hydrazine or, m some cases, /)-bromo- or />-nitro-phenylhydrazine, 
as a reagent for the detection of aldehydes and ketones, has been 
illustrated in the reactions on p. 234. One of its most important 
technical uses is in the preparation of antipyrine, in which the 
product, obtained by the action of phenylhydrazine on ethyl 
acetoacetate, is acted upon with methyl iodide. The two reactions 
are represented as follows ; — 


CHaXO.CH2.COOCgHj 
-f NH2.NHX0H5 

CHg.C— CH j.CO 


CHa.C-~CH2.CO 


L 


-xNTX.H 


+ H ,0 + C2H5OH. 


>loi 


ij- 


-N.C.H. 


Pbenyliaetbylpyrazolotu*. 

CH.X=CH.CO 

-fCHaI« I 1 -fHI 

CHj.K N.CeHj 

Phenyldimeth ylpyrazolone 
(antipymc). 


The variety ot s3mtheses into which phenylhydrazine enters 
,annot be described here; but reference must be made to the 
kxt-book. 
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It should be noted that the action of phenylhydrazine on the 
ketone group, and of diazobenzene salts on the methylene group 
situated between two CO groups, are analogous to that of hydroxyl- 
amine and nitrous acid upon these two groups, of which the 
following are examples : — 


+ NHj.NHC,H 5 

CO.OCjH, 

1. lo 

io.OCjH, . 

MesoxaUc ^ 4- NHgOH 

ester. 

4 n-;n.c,Hj = 

COOCjH, Cl 

2. in, 

COOC.H. V, 

Suconic -{- 0 NC)H 

estei 


COOCaHe 

= i:;N.NH,C,H, + H,0 
COOC^H, 

COOCjH, 

= i;NOH -f HjO 
doOCjHs 
COOCjH, 

^■:N.NH CjH, 4- HCl. 

(^OOCjH, 

COOCjHj 

i::NOH 4- HjO 
ioOCjH^ 


Phenylhydrazine has been used in the synthesis of indole deriva- 
tives. The hydrazones of aldehydes and ketones contam.ng a 
methyl group arc decomposed on heating with zinc chloride, mdoles 
being formed with elimination of ammonia (E. Fischer). 


, CH, 

C,HsNH.N:() = C,H 

Acetone-phenyl hydrazcHiC. 


^NH 





il + NH, 
■CH 


Methyl mdole. 


Preparation 87. 

Sulphanilie Aoid.-The acid characters oi this sutoce, wluch is 
both base and acid, are more prominently developed than th, 
basic character. Nevertheless it reacts with nitrous acid like 
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4H 


primary amine, and forms a diazonium salt, which has the following 
constitution : — 


/NiN 
C,H/ 1 




Diazobenzene sulphonic acid. 


The formation of sulphanilic acid is probably preceded by the 
sulphonation of the amino-group. 

CeH 5 NH.S 05 H. 

A compound of this character has been obtained which decom- 
poses with acids into o- and /naminosul phonic acid by a process 
of intramolecular change (Bamberger). The fact of the para- 
compound being exclusively formed at the higher temperature 
may account for the production of this substance in the present 
preparation. 


Preparations 88, 89. 

Methyl Orange, Naphthol Orange. — The first point to notice in this 
reaction is that the diazonium salt forms no diazoamino-compound 
with the dimethylaniline, but at once produces an azo-compound. 
This is always the case with tertiary amines, some secondary amines 
like diphenylamine and the phenols. The reaction may be regarded 
as typical of the formation of all azo-colouring matters. At least 
two substances are requisite in this” process ; on the one hand, an 
aromatic compound containing an amino-group in the nucleus, 
and, on the other, a base or phenol. The first is diazotised and com- 
bined or coupled with the second. The coupling takes place, in 
the case of amines, in a faintly acid or neutral solution, in the case 
of phenols in an alkaline solution (see Reaction 6, p. 184). In 
all cases the diazo-group seizes upon the carbon in the para-position 
to the amino- or 4 iydroxyl-group of the coupled nucleus. When 
the para-position is already appropriated, the ortho-position serves 
as a link, but no coupling ever occurs in the meta-position. The 
sulphonic acid derivatives of the base or phenol are frequently 
breferable to the unsubstituted compound. The dyes formed 
mve in consequence of the presence of the SOgll group an acid 
^racter^ whi^ renders them capable of forming soluble sodium 
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salts j and adapts them better for dyeing purposes. When an azo- 
compound is formed by coupling the diazo-com pound with a primary 
amine, the new product is capable of being diazotised and coupled 
a second time. Thus a tetrazo-com pound is formed containing 
a double diazo-group -N:N~. Aminoazobenzene, when diazo- 
tised, forms diazo-azobenzene with nitrous acid, which, like a 
simple diazo-compound, reacts with the phenols, 

CeH5N:N.C«H4NHaHci + HNO^ = CeHfiNrN.CeH.N^.Cl + 2H,0. 
CeHsN.N.CeH^Nj.Cl -f CeHjONa 

= CeH.NiN.CeH.N'.N.C^H^OH + NaCl. 

If aminoazobenzene is sulphonated with fuming sulphuric acid, 
and the product again diazotised and coupled with jS-naphthol, 
Biebrich scarlet is formed, 


® M r 


Biebnch scarlet. 


If in the last phase the different sulphonic acids of p-naphthol 
are employed, various shades of red, known as Croceins^ are pro- 
duced. Thus it appears that the colour deepens from orange to 
red with the introduction of a second azo-group. 

This is not the only method of forming tetrazo-compounds. 
Each amino-group of a diamine may be diazotised and coupled* 
Benzidine and its homologues, which have been utilised in this 
way, have a special value for the cotton dyer, as the shades produced" 
are not only very brilliant, but, unlike the majority of colouring 
matters, are substantive colours, t.^., possess the property of attaching 
themselves to the cotton fibre without the aid of a mordant. Congo 
reds and benzopurpurins are combinations of benzidine and its 
homologues with the sulphonic acids of naphthol and naphthylamine. 
The following is the constitution of Congo red, the simplest of these 
compounds, which is used in the form of its sodium salt : — 
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The behaviour of primary, secondary, and tertiary amines has 
been suggested as a basis of separation of these^ three classes of 
compounds. Ilie primary amines usually fonn compounds with 
the sulphonic chloride, which dissolve in caustic soda ; the deriva- 
tives of the secondary amine are insoluble, whereas the tertiary 
amines do not react with the sulphonic chloride (Hinsberg). The 
method cannot always be employed. 

On reduction of the sulphonic chloride with zinc dust and water, 
the zinc salt of the sulphinic acid is formed, 

2C«H5S0,C1 4- 2 Zn = (CeHjS02)2Zn + ZnClg. 

The acid is separated from the zinc salt by boiling with sodium 
carbonate, filtering from zinc carbonate, and decomposing the 
soluble sodium salt with sulphuric acid, which precipitates the 
sulphinic acid. 

The sulphinic acids are unstable compounds. They are readily 
oxidised to sulphonic acids ; on fusion with alkalis they are converted 
into the hydrocarbon and alkaline sulphite, 

C^Hj.SOgNa H- NaOH = Na^SOs + C^H,; 
on reduction they form thiophenols, 

CCH6.SO2H + 2Ha = CeHjSH + zUfi. 


Preparation q2, 

¥h«iio\.~-“¥ns\OT\ oi the a\ka\\ salt oi the sulphomc add with 
caustic soda or potash is a common method for prejmring pheUols 
(see Prep. 156, p. 280). Phenols correspond in constitution to 
the tertiary alcohols of the aliphatic series, but differ in their more 
negative character. The phenols dissolve in caustic alkalis, forming 
all^ine phemtesj which are, however, decomposed by carbon 
dmi(k. In this way a phenol may be separated from an ackl. 
Uhe solution in caustic soda is saturated with carbon dioxide, 
and the phenol is then extracted with ether or filtered off. The 
(sntrance of nitro*groups into the nucleus converts phaiols into 
ferong »cids (see Preps. 97 and 99). 
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The various reactions which the phenols undergo are illustrated 
in Preps. 93—104. 

The technical method for obtaining phenol is by shaking out 
with caustic soda the “ middle oil ” of the coal-tar distillate, after 
some of the naphthalene has crystallised out. The phenol dissolves 
in the alkali, and is then removed from insoluble oils. The alkaline 
liquid is acidified, the phenol separated, distilled, and finally purified 
by freezings 


Preparation 93. 

Anisole. — The preparation of anisole from phenol is analogous 
to Williamson’s synthesis of the ethers (see p. 372), but the ethers 
of phenol cannot be obtained by the action of the alcohol on the 
phenol in presence of sulphuric acid. This reaction can, however, 
be effected in the case of the naphthols (see p. 455). 

Another method of replacing hydrogen by methyl, in addition 
to the use of alkyl halide and alkyl sulphate, is by the action of 
diazomethane on the phenol : 

Cell, OH -p ==. CeH,OCH 3 4 Nj,. 

The methyl group in anisole can be split off, and the phenol 
regenerated by heating with llCl or HI, 

C«H,0CH3 + III CH 3 X + CJIgOH. 

The latter reaction has been made the basis of a quantitative 
method for determining the number of methoxyl groups (OCII^) 
present in a compound (Zeisel, see p. 281). 


Preparation 94. 

R0XMbydr0&beaol—TIw method of Sabatier and Senderais for 
the reduction of organic compounds is very generally applicable. 
It consi$t^ in passing the vapour of the organic compound mixed 
With hydrogen over finely divided metals, especially nickel, as 
in the example given. Aldehydes and ketones are reduced 
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alcohols, 4)lefines to pataflSbas, an4; in the aromatic series, hytirogen 
is taken up in the nucleus and hydrocyclic compounds result. The 
hydrocarbons form cycloparaffins; the phenols, cyclic alcohols; 
the bases, cyclic amines, &c» 


Preparation 95. 

(h and p-lOtrophenoL— The action of nitric acid on phenol is 
much more energetic than it is in the case of benzene. To obtain 
the mono-derivatives, the acid has, in consequence, to be diluted, 
The entrance of the nitro-group renders the phenol more strongly 
acid, so that the nitrophenols, unlike the phenols, form stable 
salts with alkaline carbonates. It should be noted that the nitro- 
group enters the ortho- and para-position, but not the meta-position 
to the OH group, according to the general rule explained on p. 409. 
Moreover, the ortho-compound is more volatile than the para- 
compound. Compare and /^-hydroxybenzaidehyde (Prep. 103, 
p. 219). 


Preparation 97. 

Pleric Acid (Method I). — The presence of three nitro-groups 
converts the phenol into a strong acid. Picryl chloride, which is 
formed by the action of PCl^ on the acid, behaves like an acid 
chloride, is decomposed by water and alkalis and forms picramide or 
trinitraniline with ammonia, 

4 NH3 = + HCi. 

Note that the three nitro-groups occupy meta-positions in regard 
to one another ; ortho- or para-positions in reference to the hydroxyl 
group. 


Preparation 98. 

2 : A^Dinitrochlorohenzene, — ^The presence of the two nitro- 
2[roups in the nucleus loosens the attachment of the chlorine atom, 
whi^ can be replaced, as in the present case, by hydroxyl under 
the action of alkalis and also by amino-groups by the action of 
ammonia and amines, in which respect it behaves like picryl chloride 
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Preparations ioi, 102. 

Fhenolphthalein. — ^The action of phthalic anhydride on phenol 
takes place in two ways. When equal molecules of the substance 
react in presence* of cone, sulphuric acid^ hydroxyanthraquinone 
is formed (Baeyer); 

C.Ht<co >0 + C,H,OH =• C.Hi<Cg>CeHsOH + H, 0 . 


It is by a similar process that alizarin has been synthesised with 
the object of ascertaining its constitution (see Notes on Prep. 160, 
p. 456). When two molecules of phenol and one molecule of phthalic 
anhydride are heated together with cone, sulphuric acid, then 
phenolphthalein is formed (Baeyer). Its constitution has been 
determined by its synthesis from phthalyl chloride and benzene 
by means of the “ Friedel-Crafts reaction (see Notes on Prep. 
135, p. 447). Phthalyl chloride and benzene yield in presence of 
AICI3 phthalophenone, 


C id* 
CO 


HCJI, 


caQo 

CO 

Phthalophenone. 


Phthalophenone is then converted successively into dinitro-, 
diamino-, and, finally, by the action of nitrous acid, into dihydr- 
oxyphthalophenonc or phenolphthalein, 


c<C6 H, 

CoH,/)o 

CO 

Phthalophencme. 


C<:C.H,NO, 

CO 

Dijutrophthalophenone. 




Phenolphthalein. 


C«H, 


^^CeH.NH; 
O 


C<CeH,OH 




CO 

piammophthalopbenone. 


An important group of colouring matters, known as the “ rhoc* 
amines/* is obtained from phthalic anhydride and #»-aminopheiol 
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and its derivatives. Thty have a constitution similar to that of 
fluorescein. The simplest of these compounds is represented by 
the foEowing formula : — 


x/ 5o 


lUiodamme. 


Preparation 102. 

Salieylaldehyde, p-Hydroxybenzaldehyde. — Reimer's reaction ” 
for the preparation of hydroxyaldehydes from phenols is applicable 
to a very large number of monohydric and polyhydric phenols. 
The substitution of two II atoms by two aldehyde gioups sometimes 
occurs, as in the case of resorcinol An analogous reaction is that 
of caustic potash and carbon tetrachloride on phenol, which yields 
chiefly />'hydroxybenzoic acid, 

C.H.OH + CCI, + 5KOH = + 4KC] + 311,0. 


Preparations 104, 105. 

Coumarin, c/s- and fracs-c-Methoxy-cinnamic Ester.— The 

reaction by which coumarin is prepared is known as PerkMs 
reaction and is again illustrated in Prep. 1 2 7, p. 2 78. The introduction 
of the small quantity of iodine increases the yield ; but the nature 
of its action is unknown. The existence of cis and irans forms of 
the methoxycinnamic esters is explained in the same manner as 
that of citraconic and mesaconic acids {p. 405). 


' Preparation 106. 

i SaUeyilc Aeid. — ^The reaction was discovered by Kolbe, and is 
\nown as “ Kolbe^s synthesis.'' It will have been observed that 
Atates pkce in two steps. Sodium phenylcarbonate is first formed, 
Ithm undergoes intramolecular change with the production 
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of sodium salicylate (Schmidt). The technical process is carried 
out in autoclaves, in which carbon dioxide is passed into the sodium 
phenate under pressure at 120 — 130®. It is a curious fact that the 
use of potassium phenate yields, especially at a high temperathre 
(220®), almost exclusively the ^-hydroxybenzoate of potassium. 

The above reaction may be applied in the case of other phenols. 


Preparation 107. 

Aeetylsalieylie Acid (Aspirin). — The reaction illustrates the use of 
pyridine as a condensing agent between a phenol and an acyl 
chloride. A similar reagent can be used for combining alcohols 
and acyl chlorides (see footnote, p. 129). 


Preparation 108. 

Quinone and Quinol. — Quinone, which was originally obtained by 
the oxidation of quinic acid (the acid associated with quinine in 
cinchona bark), is now prepared from aniline. The aniline, in 
process of oxidation to quinone, appears to pass through the 
following intermediate stages, 

— >CeH,N( — ^CeH^NH.OH 

CoH/ 

xOH 

The aniline is first oxidised to phenylammonium oxide, which 
changes into phenylhydroxylamine. The latter also undergoes 
intramolecular change, being converted into />-aminophenol, which 
is finally oxidised to quinone (Bamberger). It may also be obtained 
by the oxidation of para-derivatives of aniline, such as />-phen} lene- 
diamine, sulphanilic acid, />-aminophenol, &c. Other amino- 
compounds and phenols yield corresponding quinones, and it can 
even be prepared from an amino-compound or phenol, if an alkyl 
group occupies the para-position, as in the case of mesidinc, which 
loses a methyl group and yields w-xyloquinone. Quinone is some- 
cohen's p. 0. c. f e 
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times regarded as a peroxide (Graebe), sometimes 

diketone (Fittig), 


C 

CO 

y|\ 

HCj^ ^ 

HC<^ \CH 

Hci 9 Jcu 

^CH 

Y 

o/ 

o\ 


Peroxide formula. Diketone formula. 


The facts in favour of the first are that quinone, like a peroxide, 
has a strong oxidising action, that on reduction it yields, not a 
glycol, but a dihydroxybenzene ; moreover, with PCI 5 instead 
of a tetra-chloro-derivative, a dichlorobenzene is formed. In 
favour of the ketone structure is the formation of a mono- and 
di-oxime (Goldschmidt), 


CO 

hc^Yh 

Hcii ten 

C:NOH 


C:NOH 

hc/Yh 

C:NOn. 


Phenylhydrazones are not formed, as phenylhydrazine acts as a 
reducing agent and produces quinol. 

The constitution of quinhydrone, the intermediate product 
formed by the reduction of quinone or oxidation of quinol, is 
represented by the formula. 



For the formation of dimethylquinone, see p. 388 . 


PREPARAtlON 109. 

BeUiqrl CMorlde- — The action of chlorine on hoihng toluene is 
distinct from the action which occurs in the cold or in presence 
.a***' halogen carrier ’’ (see pp. 390, 406)* In the present instance 
i'ubsriturion takes place in the side*chain. It is a curious fact, 
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howev^r^ that chlorine produced by electrolysis in presence of boiling 
toluene mainly enters the nucleus. 

By prolonged action all three hydrogen atoms of the side-chain 
may be replaced^ and the following compounds obtained : — 

CeHjCHXl Benzyl Chloride. 

CgHjCHClji Benzal Chloride, 

C ^CClg Benzo trichloride 

Hydrocarbons containing the halogen in the side-chain may 
be generally^ though not invariably distinguished, by their irritating 
action on the eyes and mucous membrane of the nose, from those 
in which the halogen is present in the nucleus. Moreover^ the 
halogen in the side-chain is much more readily substituted or re- 
moved than when it occurs in the nucleus. In this respect the above 
compounds resemble the members of the aliphatic series (alkyl and 
alkylene halides). Benzyl chloride is decomposed by water, 
ammonia, and potassium cyanide, forming benzyl alcohol, benzyl 
cyanide, and benzylamine, 

CeHsCHjCl + HgO = CgHsCH^OH + HCJ. 

, Ben/yl altobol 

CcHjjCHjCl + KCN = CeHXH.CN + KCl. 

Benzyl cyanide 

CeH^CH.Cl -f 2NH3 == C3H3CH3NH3 ^ iSHjCl. 

Beu/vlamine 

It is also much more easily oxidised than toluene to benzoic 
acid, 

C^H^CH^Cl 4- O2 = CeHaCOOH -f HCl. 

Benzal chloride and benzotrichloride are also decomposed by 
water in presence of calcium carbonate, and at a high temperature, 
yielding, in the one case, benzaldehyde (see p. 232), and in the 
other, benzoic acid, 

QHXHCL -f HX = C.HXOH -f 2HCI. 

Benzaldehyde 

C0H5CCI, -f zHgO = CeHgCO OH -f 3HCI. 

Benzoic acid. 


Preparations no, 114. 

Benzyl alcohol may be also obtained by the action of caustic 
potash on benzaldehyde (see Prep. 115, p. 236). This reaction 
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is specially characteristic of cyclic-compounds containing an 
aldehyde-group in the nucleus, although some of the higher aliphatic 
aldehydes behave in a similar fashion (Cannizzaro), 

2CeHsCOH + KOH « CeH^CHjOH -f C^H^COOK. 

Benzyl alcohol. Botassium benzoate. 

Benzyl alcohol has the properties of an aliphatic alcohol, and 
not those of a phenol. On oxidation, it gives benzaldehyde and 
benzoic acid, and it forms benzyl esters with acids or acid chlorides, 

CcH,CO OCHg.CeHg, 

Ben/yl benzoate. 


Preparations hi, 112. 

Benzyl Cyanide, Phenyl Acetic Ester. — The formation of benzyl 
cyanide from the chloride follows the usual reactions for alkyl 
halides, which benzyl chloride closely resembles (see Prep, g, p. 77). 
The hydrolysis of the cyanide to the acid and ester illustrates the 
general behaviour of corresponding aliphatic compounds represented 
in Preps, 10, ii, pp. 77, 78. 

Preparations 113, 114. 

Benzaldehyde. — The aldehydes of the aromatic series may also 
be obtained by the oxidation of a methyl side-chain with chromium 
oxychloride. The solid brown product, Cgn5CTr3(CrOj,Cl2)2, formed 
by adding CrO^Clg to toluene, dissolved in carbon bisulphide, is 
decomposed with water, and benzaldehyde separates out (Etard). 
Other methods for preparing aromatic aldehydes are (i) the Friedei- 
Crafts’ reaction, in which a mixture of carbon monoxide and 
hydrogen chloride are passed into the hydrocarbon in presence 
of aluminium chloride and a little cuprous chloride, described in 
Prep. 1 14. 

CjH^.CHy HCI.CO ==* 

(2) also by passing a mixture of hydrogen cyanide and hydrogen 
chloride into a phenol ether in presence of AICI3, 

C,HjOCH, + HCN.HCl = + HCl 
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The product is then hydrolysed with hydrochloric acid (Gatter- 

maim), 

C,H4<g§§|j^ + H,0 = + NH,. 

(3) Grignard’s reaction can also be used for preparing aromatic 
aldehydes (p. 446). 

The numerous reactions which benzaldehyde undergoes are 
described in this preparation, and in some of the subsequent ones 
(see Preps. 115-119). 

On reduction, benzaldehyde yields, in addition to benzyl alcohol, 
a pinacone known as hydrobenzoin^ 

C^H.COH CeHgCHOH 

C0H5COH CeH^CHOH 

Hydrobenzom. 

Preparations 116, 117. 

Pheny]amino*acetic Acid and Ester. — The union of aldehyde, 
sodium cyanide and ammonium chloride probably occurs between 
ammonium cyanide, formed by double decomposition, and the 
aldehyde in whicb the cyanhydrin first formed reacts with the 
ammonia replacing the hydroxyl by the amino group. 

C,H,CHO -f HCN — > + NH, — > 

+ H,0 

+ 2ll,0 = C jr,CH(NH2).COOH + Nil,. 

A similar reaction occurs with primary amines. Phenylamino- 
acetic acid contains an asymmetric carbon atom and exists in two 
stereoisomenc (J, 1 ) forms (see p. 401). 

Preparation 118. 

a- and ^-Benzaldoximes'. — The existence of two isomeric benz- 
aldoximes was first observed by Beckmann in 1889, who explained 
their relation by a difference in structure. 

CeHeCHiNOH 


cfBC'tualdoxime. 


CgU.CH.NH 

/8-Benzaldoxime. 
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In the following year Hantzsch and Wemer published their 
theory, by which the greater number of isomeric oximes both of 
aldehydes and ketones have found a satisfactory explanation. 

These compounds were not structurally different but stereo- 
isomeric, the relation being similar to that which exists between 
fumaric, maleic or mesaconic and citraconic acids (p. 404), or again 
between the two diazotates of potassium (p. 418), and which may 
be represented as follows : 

CeHj.C.H CeHj.C.H 

HO.ilr jsr.OH 

a-Benzalcloxime. /B-Renxaldoxime 

It will be easily understood from these formulae why the p-com- 
pound should yiel d benzonitrile with acetic anhydride, whilst the a- 
compound does not. The proximity of hydrogen and hydroxyl in 
the former case facilitates the formation and ehmination of water. 
In this way the configuration of most of the aldoximes may be 
ascertained. 


Preparation 119. 

Benzalacetone. — ^The formation of this compound by the 
condensation of an aldehyde with another aldehyde or ketone in 
presence of dilute caustic soda solution is known as Clatsen^s 
teacUon, Thus salicyl aldehyde condenses with acetone and 
acetophenone m a similar manner. Moreover, benzalacetone may 
undergo further condensation with a second molecule of benz- 
aldehyde, forming dibenzalacetone : 

C^Hs.CH.CH.CO.CHiCH.CeHj. 

With acetaldehyde m presence of caustic soda, benzaldehyde forms 
cinnamic aldehyde, which can undergo a second condensation with 
another molecule^ of acetaldehyde : 

CeHjCHrCH.CHO 4- CH* CHO CeH^rCHrCH.CH-.CH.CHO + HjO. 


Preparation 120. 

Benzole Aeld.-^The oxidation of the side-chains in aromatic 
hydrocarbons is a matter of considerable interest, as illustrating 
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the difference of stability of the side-chain and nucleus, and also 
the influence which the relative positions of the side-chains, where 
more than one is present, exert in presence of oxidising agents* 

The oxidation of the side-chain of an aromatic hydrocarbon, 
when more than one is present, takes place in successive steps. 
Thus, mesitylene is converted into the following compounds on 
oxidation : 

CgH8(CH3)2CO.OH Mesitylenic acid. 
Mesitylene. C,H3(CH3)3 >■ C Uvitic acid. 

CoTl3(CO.OH)3 Trimesic acid. 

The reagents usually employed are (i) chromic acid or potassium 
dichromate and sulphuric acid , ( 2) dilute nitric acid and (3) potassium 
permanganate in alkaline or neutral solution. The action of these 
upon the side-chain, when more than one side-chain is present; 
depends upon their relative position. Thus, for example, potassium 
dichromate and sulphuric acid either does not act, or completely 
destroys the compound when the side-chains occupy the ortho- 
position (Fittig), whereas the para- and meta-compounds yield the 
corresponding carboxylic acids. This is true also of substituted 
hydrocarbons with one side-chain; thus with nitric acid w- and 
/)-nitrotoluene give in- and />-nitrohenzoic acid, whilst the ortho- 
compound is either unattacked or destroyed. If, however, the 
substituent is a halogen and the oxidising agent nitric acid, the meta- . 
compound is least, and the para-compound most acted on. Dilute 
nitric acid or alkaline permanganate are most serviceable for 
oxidising side-chains where only one side-chain is to be converted 
into carboxyl on account of their less energetic action. 

The oxidation of a halogen -substituted side-chain by the usual 
oxidising agents is much more readily accomplished than that 
of a simple alkyl group. A similar case is that of naphthalene 
tetrachloride, CJ0H8CI4, which, though an additive compound, is 
much more readily converted into phthalic acid than naphthalene 
itself. 
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Preparation 121. 

/^-Kitroben^ole AM * — ^This preparation is a further example of the 
foliation of an aromatic acid by the oxidation of the methyl 
side-chain* It should be pointed out that the oxidation in this 
case takes place much more readily than in that of toluene with 
unsubstituted nucleus. 

Nitration of benzoic acid yields mainly the meta-derivative. 

Preparation 122. 

/n-Kitro-, m-Amino-, m-Hydroxy-benzoic Acids.— This series of 
compounds merely furnishes an exercise in the processes previously 
described and illustrates the application of the same reactions in the 
case of a substituted benzene derivative containing a nitro-group. 
It also illustrates the manner in which meta-compounds of benzoic 
acid may be indirectly prepared where a direct method is inapplicable. 


Preparation 124. 

Benzoin, Benzil* — As a small quantity of potassium cyanide is 
capable of converting a large quantity of benzaldehyde into benzoin^ 
the action of the cyanide has been explained as follows : The 
potassium cyanide first reacts with the aldehyde and forms a 
cyanhydrin, which then condenses with another molecule of alde- 
hyde, hydrogen cyanide being finally eliminated (Lapworth), 

/OH /OH 

CeH^CH/ + C.HjCHO = C^H 5.C( - CH(OH)CeH, 

^CN ^CN 

= CgH5,CO.CH(OH) -f HCN. 

The same reaction occurs with other aromatic aldehydes (anis- 
aldehyde, cuminol, furfuroi, &c.). 

Benzoin yields hydrobenzoin CgH5CH(OH).CH(OH)reH5 on reduc- 
tion with sodium amalgam, and desoxybenzoin, CgHgCO.CHg.CgHg, 
when reduced with zinc and hydrochloric acid. 

The latter, which contains the group CO.CH^.CglTg, behaves 
like maionic ester, the hydrogen of the methylene group being 
replaceable by sodium, and hence by alkyl groups. 
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Preparation 125. 

Benzilio Acid, — The mechanism of this change, which involves 
the transference of a phenyl group from one carbon atom tqf^e 
adjoining carbon atom, has been variously interpreted. According 
to one observer, an atom of oxygen is removed from one ketone 
group, which renders the carbon atom unsaturated and so induces 
the change to diphenyl ketone, 


CeHg.CO C«H,,C< 

1 — > I — > /C:CO, 

CeH.CO CeH/o CeH/ 

which then combines with KOH and the oxygen atom which has 
been removed (Schroeter). According to another, the elements 
of water are added to both ketone groups, followed by the removal 
of one hydroxyl group to the neighbouring ketone carbon and the 
shifting of its phenyl group (Lachman), 


CeHsC(OH), 

c,h,.(!;(oh), 


C,H,.C(OH) 


(CoH,),COH 


CO.OH + HjO. 


A third view is based on the partial valency theory, whereby the 
compound of benzil with potassium hydroxide, (\4 IIjq 02.K0II, 
rearranges itself so as to form a stable carboxylic salt of potassium 
through the following intennediate stage (Robinson) : 


H 

()' b 
!•' H 

K.O— C— C.C0H5 


H 




K.O.OC— i.c 
/ 


Preparation 127. 

Cinnamic Acid, — The reaction, which takes place when an 
aldehyde (aliphatic or aromatic) acts on the sodium salt of an 
aliphatic acid in presence of the anhydride, is known as “ Perkin’s 
reaction,” and has a very wide application. According to the result 
of Fittig^s researches on the properties of the unsaturated acids 
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described below, the reaction occurs in two steps, The aldehyde 
forms first an additive compound with the acid, the aldehyde 
carbon attaching itself to the a-carbon next the carboxyl) of 
the\cid. A saturated hydroxy-acid is formed, which is stable, if 
the oe-carbon is attached to only one atom of hydrogen, as in the 
case of isobutyric acid, 


CH»\ 

C.HXHO -h >CH.COOH 

CH3/ 


CH, 

C6H5CH(OH).i.COOH. 

<!:h 3 


If, as in acetic and propionic acids, the group CHjj is present in 
the apposition, water is simultaneously split off, and an unsaturated 
acid results. 


CH3 

C,H,CHO + CHj.CHj.COOH = C,H,CH;(!;.COOH + H,0. 

a-Mcthylcinnamic aad 


That a-methylcinnamic acid is formed, and not phenyliso- 
crotonic acid according to the equation, 

-f CH3.CHj.COOH = C,H.CH CH.CHj COOH + HjO, 
Phenylisocrotoiuc acid. 

follows from Fittig’s researches, and depends upon the marked 
difference exhibited by the two principal groups of unsaturated 
acids, viz,, the ap-acids, which have the double link between the 
first and second carbon from the carboxyl, and Py-acids, in which 
the double link lies between the second and third carbons. Methyl- 
cinnamic acid belongs to the first group, whereas phenylcrotonic 
acid belongs to the second group. 

It may be noted in passing that this reaction bears a close 
resemblance to that studied by Claisen, which occurs in presence of 
caustic soda solution between aldehydes or ketones on the one hand, 
and compounds containing the group CH^CO, Benzaldehyde and 
acetone combine under these conditions to form benzylidene- and 
dibenzylidene-acetone, 

C3HXOH + CH3XOXH, « C3H3CHXHXOXH3. 

Benzylidene acetone. 

2C.H,C0H + CH,.CO.CH, = C,H,CH:CH.CO.CH;CH.C,H,. 

DibeMyWtene 
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All the unsaturated acids have the following properties in 
common. They form additive compounds with nascent hydrogen, 
halogen acids, and the halogens. On oxidation with alkaline 
permanganate in the cold, they take up two hydroxyl groups*\o 
form a dihydroxy-derivative, and, on further oxidation, ultimately 
divide at the double link. Cinnamic acid may be taken by way of 
illustration. On reduction it forms phenylpropionic acid, with 
hydrobromic acid, p-bromophenylpiopionic acid (the bromine 
attaching itself to the g-carbon, see p. 390), with bromine a^-di- 
bromophenylpropionic acid, on oxidation with permanganate, 
phenylglyceric acid and then benzaldehyde and benzoic acid, 

CeHgCH CH.CO.OH Hg == CeHXH2.CHa.CO.OH. 

Phenylpropiornc acid. 

CeHgCH.CH.CO OH + HBr =. CeHeCHBr.CHa.CO OH. 

Phenyl ^-b^omop^oplonic acid. 

CeHgCHCH.CO.OH + Bra = CeH 5 CHBr.CHBr.CO.OH. 

Phenyl a^-dibromopropiomc acid. 

CeHgCH CH.CO.OH + HgO + O = CeHgCHOH.CHOH.CO.OH. 

Phenvlglvcenc acid 

CeHXH.CH CO.OH + 2i\ = CeHgCOH -f aCOa 4- HgO. 

Benzaldehyde 

The cliiet difference between the two groups of ap-and Py-unsatur- 
ated acids lies in the behaviour of the additive compounds which 
they form with hydrobromic acid and bromine. 

In the case of the ap-acids, the hydrobromide of the acid, on 
boiling with water, yields the corresponding p-hydroxy-acid, and, 
on boiling with alkalis, a mixture of the original acid and the 
unsaturated h}^drocarbon, formed by the elimination of carbon 
dioxide and hydrobromic acid, 

1. CgHgCHBr.CHa.COOH + HgO = CgHgCHOH.CHa.COOH + HBr. 

jS-Oxyphenyl-propfonic acid. 

2. C,H,CHBr.CH,.COOH + NaOH = C,H,CH:CH.COOH + NaBr 

Cionanuc acid -|_ HjO. 

3. CeHgCHBr.CHa.COOH -f NaOH = CgHgCHXHa -f CO* 4- NaBr 

Styrene. HjO. 

The hydrobromides of py unsaturated acids like p-phenylcrotonic 
acid behave quite differently. On boiling with water, lactones 
are formed, inner anhydrides of oxy-acids, 

CeH^CHBr.CHjXHa.COOH = CgHgCH.CHaXHa 4- HBr. 


PhenylbutyroJactone, 
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The readiest method for distii^ishing a Py-acid, especially of 
the aliphatic series, is to heat the acid with a mi?cture of equal 
volumes of cone, sulphuric acid and water to about 140®. The 
lactone is formed if a ^y-acid is present, whereas an ap-acid remains 
unchanged. By diluting, neutralising with sodium carbonate, and 
extracting with ether, the lactone is separated, the ap-acid remaining 
in solution. 

An interesting relation exists between the two groups of acids. 
It has been found that, on heating py-acids with caustic soda 
solution, a shifting of the double link to the ap-position takes place, 

C8H5CH:CH.CHa.COOH CeHjCH8.CH:CH.COOH. 

y a /8 a 


Preparation 128. 


Hydroeinnamle Acid. — The preparation illustrates the use of 
sodium amalgam as a reducing agent. It should be noted that 
hydrocinnamic acid may be also obtained Irom malonic ester by 
acting upon the sodium compound witli benzyl chloride, then 
hydrolysing and removing carbon dioxide, 


CeHXHaCl -f NaCHfCOOC^H.), - 
— C,H6CH2.CH(C00H)2 


C«H,CH«.CH(C00C3H,), 
► C«H5CH,.CH2C00H, 


Preparations 129, 130. 

Phenylpropionyl Chloride, Hydrindone.— The formation of 
hydrindone from phenylpropionyl chloride is an example of the 
FriedebCrafts reaction, of which other examples are given in 
Preps. 135, 140, pp. 257, 264; but in the present case condensation 
occurs within the molecule leading to the formation of a closed 
chain or ring. 

Preparation 131. 

Mandelic Acid. — The reaction furnishes a simple and general 
method for obtaining hydroxy-acids from aldehydes or ketones 
by the aid of the cyanhydrin. llie formation of the cyanhydrin 
may be effected in the manner described or by the action of hydro- 
chloric acid on a mixture of the aldehyde or ketone with potassium 
cyanide, or, as in the case of the sugars, by the use of liquid hydro- 
cyanic acid and a little ammonia. Mandelic acid was originally 
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derived from bitter almonds, and can be obtained by the action of 
baryta on amygdalin, the glucoside of bitter almonds, which 
breaks up into glucose and mandelic acid. Mandelic acid con^ 
tains an asymmetric carbon atom, and is capable, therefore, of 
being resolved into optical enantiomorphs (p. 401). This has 
been effected by fractional crystallisation of the cinchonine salt, 
from a solution of which the dextrorotator\^ component first 
separates. Another method, known as the biochemical method, 
is to cultivate certain low organisms in a solution of a salt of the 
acid when one of the components is destroyed or assimilated. 
Thus ordinary green mould {Penicilhum) assimilates and removes 
the la'vo component, leaving a dextrorotatory solution. These 
two methods, together with the separation of the enantiomorphous 
crystalline forms described on p. 146, comprise the three classical 
methods devised by Pasteur for resolving inactive substances into 
their active components. Mandelic acid may also be resolved by 
partial hydrolysis of its esters by the ferment “ lipase (Dakin) 
and also by the partial esterification of the acid with an active 
alcohol such as menthol (Marckwald). 


Preparation 132. 


PhenylmethylcarbinoL— The method of Grignard, of whicii this 
preparation serves as an illustration, has received a very wide 
application. The following is a brief and incomplete list of these 
reactions, m which the organic radical (R) represents within certain 
wide limits both an alkyl and aryl group * 

Hydrocarbons. The magnesium compound is decomposed by 
water, 

RMgl -f HgO = R.H + Mgl(OH). 

Alcohols may be obtained from aldehydes, ketones, esters, acid 
chlorides, and anhydrides, 


R 


^CO + RMgl 
R/ 


Ry 

R-" 


.0 


R.C/ + RMgl 

Nx:,h, 


X 

i/ \r 
/OM gl 
RX^OC,!!, 


■OMgl 


R. /OH 

X 






\r 


/OH 
■ R.C^R 

\r. 
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Aldehydes c&n be prepared from dimethylformamide, 

HCO.NRR + RMgl — > HCR(OMgI)NRR — ^ RCHO -f NHRR 

+ Mg(OH)I, 

and from formic and orthoformic ester, 

HCO.OCaH^, + RMgl — ^ RCHO + Mgl.OCjHj, 

Ketmes may be obtained from cyanogen, cyanides, or amides, 

RCN -f RMgl — > R.CO.R -f -f Mg(OH)I, 

Acids are produced by passing carbon dioxide into the ether 
solution of the magnesium alkyl compound, 

xOMgl /OH 

RMgl 4- CO* — R.C<r — >. R.C< -f Mgl(OH). 

^O ^O 

In addition to the above, Gngnard’s reagent has been utilised 
in preparing olefines, ethers, ketonic esters, hydroxy-acids, quinols, 
amides, hydroxylamines, &c., for details of which books of reference 
must be consulted.^ 


Preparation 133. 

Benzoyl Chloride.— The formation of esters by the action of 
benzoyl chloride or other acid chloride on an alcohol or phenol in 
presence of caustic soda is known as the Schotten-Baumann 
reaction/’ The reaction may also be employed in the preparation 
of derivatives of the aromatic amines containing an acid radical, 
like benzanilide, C^HjjNH.CO.CgHg, 

CeH,COCl 4* + NaOH = CeHjCO.NHCeH^ 4- NaCl 4 *HjO. 

Preparation 134. 

Ethyl Benzoate. — The method of Fischer and Speier for the 
preparation of festers, by boiling together the acid with the alcohol 
containing about 3 per cent, of either hydrochloric acid or cone, 
sulphuric acid, can be adopted in the majority of cases with good 
results, and has many advantages over the old method of passing 
hydrochloric acid gas into a mixture of the alcohol and acid until 
saturated. Bead Notes on Prep. 25, p, 384. 

* A. McKemde, BHt. Ass. Reports, 1907, p. 273. 
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Preparation 135. 

Acetophenone, — ^The “ Friedel-Crafts reaction/’ of which this 
preparation is a type, consists in the use of anhydrous aluminium 
chloride for effecting combination between an aromatic hydro* 
carbon or its derivative on the one hand, and a halogen (Cl or Br) 
compound on the other. The reaction is always accompanied by 
the evolution of hydrochloric or hydrobromic acid, and the product 
is a compound with AICI3, which decomposes and yields the new 
substance on the addition of water. This reaction has been utilised, 
as in the present case, (i) for the preparation of ketones, in which 
an acid chloride (aliphatic or aromatic) is employed, 

Celle f Cl.CO.CHe = CeHe.CO.CH, -f HCl. 

Acetophenone. 

C.H, + CI.CO.C.H. = C,H,.CO.C,H. + HCl. 

Bonzophenone. 

If a substituted aromatic hydrocarbon is used, the ketone group 
then enters the para-position, or, ii this is occupied, the ortho- 
position. Substituted aromatic acid chlorides may also be used, 
and if the acid is dibasic and has two carboxyl chloride groups, 
two molecules of the aromatic hydrocarbon may be attached. If 
phosgene is used with two molecules of benzene, benzophenone is 
obtained, 

2C<,He + ClaCO = C.Hj.CO.CeHj -f- 2HCI. 

Benzophenone. 

(2) This reaction may be modified by decreasing the proportion 
of the hydrocarbon, and an acid chloride is then formed, 

-f ClCOCl = CeHj.COCl -f HCl. 

Benzoyl thloude. 

(3) With an aromatic hydrocarbon and a halogen derivative of 
an aliphatic hydrocarbon or aromatic hydrocarbon substituted in 
the side-chain, new hydrocarbons may be built up (see Prep, 139, 
p. 262), 

C,H, + CjHjBr = + HBr. 

Ethylbenzene. 

C,n, + CICHj.C,Hj = + HCl. 

Diphenylmethane, 

3 CeH, + CHCl, = + aHQ. 

TriphenymMstnane . 
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Anthracene has been synthesised from tetrabroraethane and 
benzene by this method, . 


Bri CH iBr j XH. 


Anthracene. 


(4) Amides may be prepared by the use of chloroformamide^ 

-f- ClCONHj = C^Hj.CO.NHg -f HCl. 

The chloroformamide is obtained by passing HCl gas over heated 
cyanuric acid (Gattermann), 

HOCN 4- HCl = Cl.CONHj.. 

(5) Hydroxyaldehydes have been obtained indirectly by the 
use of the crystalline compound IICIJICN (which hydrochloric 
acid forms with hydrocyanic acid) acting upon a phenol ether, 

C,H, 0 CH 3 + HCl.HCN = 

The aldime is subsequently hydrolysed with dilute sulphuric acid 
(Gattermann), 

+ NH.. 

In addition to the Friedel-Crafts reaction, the aromatic ketones 
may be obtained by distilling the calcium salt of the aromatic acid 
or a mixture of the salts of an aromatic and aliphatic acid. The 
reaction is precisely analogous to the process used for the pref)ar- 
ation of aliphatic ketones, 

2C«H6COOca' CeH^CO.CJIg + CaCO,. 

lieu/opheuonc 

C,HjCOOca' + CHjCOOca' = C.Hj.CO.CH, + CaCO,. 

Acetophenone. 

They possess^ the usual properties of ketones of the aliphatic 
series {see p. 80), which are illustrated by the various reactions 
described at the end of this preparation. 

A special interest attaches to the oximes of those ketones which 
contain two different radicals linked to the CO group. Many of 
these substances exist in two isomeric forms, which are readily 
converted into one another. Phenyltolylketoxime exists in two 
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form/and benzildioxime in three forms, which cannot be explained 
by structural differences of constitution. They must therefore 
represent different space configurations of a type analogous to 
that of citraconic and mesaconic acid (Hantzsch, see p. 404). 
They are distinguished by the terms “ syn and “ anti/^ corre- 
spending to ** cis and “ trans ’’ among the unsaturated acids. 

Anti ** signifies away from the group, the name of which follows; 
“ syn signifies the position near that group (see pp. 405 and 
438)> 

C.Hj.C.C.Hj.CH, C,H,.C.C,H,.CH, 

HO.il ii.OH 

Syn-Phenyltolylketoxime. A nt/t-Plicnyltolylkctoxjmc. 

Benzil forms three dioximes which are distinguished by the 
names ‘**syn/’ anti/’ and ‘‘ amphi.” 

C^HgC.C.CflHj CJij.C C.Ce^M, CgH^.C C.CeHg 

HoJil.OH IIO.II HoJ ll.OH HO.il 

ant) amphj <?vn 


The action of PCI5 on these substances, known as Beckmann’s 
reaction, is of great importance in distinguishing the different 
forms of ketoximes. The two isomeric phenyltoh Iketoximes 
yield two different amides, 




ho; 




Cl 


.il 


Toluic amlide 


C.H^.C.C.H.C'H, C,Hj.C.C,H,.CH, C,H,CO 


II. 


OH 




Cl 


NPICeH.CHg 
Benzoic toluide 


Toluic anilide, on hydrolysis, forms toluic acid and aniline, 
whereas benzoic toluide yields benzoic acid and toluidine. It 
follows therefore that, in the original compound, the first con- 
tains the hydroxyl nearer the phenyl group and the second nearer 
the tolyl group. 

For further details on the stereoisomerism of nitrogen com* 
pounds, the text-book must be consulted. 
cohen’s p. 0. c. 


GG 



450 


PRACTICAL ORGANIC CHEMISTRY 


Preparation 136. 

a*Pheiiylethylamin«.— This preparation illustrates the general 
behaviour of oximes towards reducing agents, another example of 
which is given in the formation of bornylamine from camphor- 
oxime, Prep. 168, p. 297. 


Preparation 137. 

Phenyl methyl hydroxypropionic Ester.— The formation of this 
compound is a typical example of the ‘‘ Reformatzky condensa- 
tion. It is of a general character and occurs between ketones, 
halogen esters and zinc, and has been utilised in a number of 
important syntheses. Magnesium may in some cases replace 
metallic zinc in this reaction. Compare the Grignard reaction 
p. 242. 

Preparation 138. 

Diphenylmethane. — This reaction is analogous to that of 
aluminium chloride on a mixture of benzene and benzyl chloride 
referred to in the notes on Prep. 135, p. 447. The reaction is also 
effected by the use of zinc dust or finely-divided copper (Zincke). 


Preparation 139. 

Triphenylmethane. — This is another example of the Friedel- 
Crafts reaction, which has already been referred to in the notes 
on Prep, 135, p. 447. 

The synthesis of pararosaniline from triphenylmethane is one 
which has gone far to solve the problem of the constitution of the 
important clas> of triphenylmethane colouring matters. 

Rosaniline or magenta was originally obtained by oxidising with 
arsenic acid a mixture of aniline with o- and ^-loluidine. The 
product was then lixiviated and treated with common salt, which 
converted the arsenate into the hydrochloride of rosaniline. 
Pararosaniline was prepared in a similar way from a mixture of 
aniline and ^-toluidine. The series of reactions by which tri- 
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phenylmethane is converted into pararosaniline may be represented 
as follows : — 


/C.H. 

V.H. 


Triphenyfi 


/C.H^NO, 
HC^,H,NO, 
\C,H.N0, 


... V.K.NH, \C4HlNH, 

methane. Trinitro-tripheciylmethanie. Paraleucanihne. Pararosaniline base. 


By the action of hydrochloric acid on the base, the hydrochloride 
of pararosaniline is formed, which is the soluble colouring matter, 

HO.C(CoH4NH2)3 + HQ == C(C«H,NH,)3CI + H,0. 

The constitution of the hydrochloride is doubtful; but the so- 
called quinonoid structure, by which the substance is represented 
as a derivative of quinone, is generally accepted, 


C(CeH4NH3), 

C 

hc/Vh 

C 

jIh.hci. 

Pararosaniline hydrochloride. 

The formation of rosaniline from a mixture of aniline, 0- and 
^-toluidine is represented by assuming that the methyl group of 
/)-toluidine acts as the link which connects the nuclei of aniline and 
o-toluidine. 

HC -nn] 4 3O - HO.C—CoH^NHa 4 

' ^ T r 1^2 

[H H’ 

RosaniJine base. 


Preparation 140. 

Triphenylmethyl Chloride. — ^The formation of this compound is a 
variant on the Friedel-Crafts reaction and resembles the previous 
preparation, carbon tetrachloride being substituted for chloroform. 
The removal of the chlorine atom and the formation of the tervalent 
carbon group triphenylmethyl is one of the curiosities among 
organic reactions. Triphenyl methyl is a highly unstable compound, 

G G 2 
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mid only <?xists in solution in certain solvents to which it imparts 
a yellow colour. It combines directly with oxygen, the balogens> 
sodium and organic oxygen compounds such as ketones and esters 
in which the oxygen in its quadrivalent form acts as the link for 
two molecules of the hydrocarbon radical. Separated from its 
solution, it forms a colourless, crystalline compound, having 
the double molecular weight, that is, hexaphenyl ethane, 
(CeHs)iC.C(C,H,),. 


Preparation 141. 

TrlphenylearbinoL — The reaction is an example of the Grignard 
reaction described in Preparation 132, p. 252. 


Preparation 142. 

Benzaldehyde Green, — ^The formation of malachite green 
(benzaldehyde green) by the action of benzaldehyde upon dimethyl- 
aniline in presence of zinc chloride, and subsequent oxidation of 
the product, has already been referred to. (See notes on Prep. 

72, p. 414) 


s 
2 

malachite greea 


hc/T 


C.Hf 


•-^H! C,H.N(CH,), 
O h| C,H.N(CH,), 


/C.H, 

■ HCf C.H,N(CH,) 
\C.H,N(CH,) 

LeuKobafie of 


hcA:, 



-f 0 = 


XeH. 

= HO.C^eH.3SI{CH8) 

\cXn{ch,) 

Base of malachite 


2 

» 


green 


The preparation of “ crystal violet from Michler’s compound 
and dimethylaniline in presence of POCI3 may be explained in a 
similar f^hion, 


oc<^;h:n|ch;S: = 

+ HC,H4N(CHJj 


\c,h;n(ch,); 

Base of emta* 
vim. 
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The constitution of the hydrochlorides of malachite green and 
crystal violet will appear as follows 



pc.H.NiCH,), 

C 

HC/\CH 

HCJ JJCH 

C 

1 i 

C 

hc,4i;Ch 

Hd yCH 

11 

N{CH,). 

N(CH,), 

a 

Malachite gieen. 

a 

Crystal violet. 


Prepara'wons 143 — 145. 

The three preparations described under this head lead to the 
formation of the important dyestuff^ crystal violet. Formaldehyde 
is an active synthetic agent and can be used; not only for linking 
up aromatic nuclei, as in the present example and that of diamino- 
diphenyl methane from aniline : 

CH 3 O 4- — > NH 2 CeH 4 .CH 2 .C,H,NHa, 

also in the preparation of the colouring matter known as acridine 
yellow ; but may also be employed for replacing hydrogen in the 
nucleus by carbinol groups, 

C,H,OII + CH,0 = 

and in the methyl group of a-picoline, 

C5H4N.CH3 4 CHjO = CftHgN.CH^CCH^OH). 


Preparations 146—150. 

Phthalie Acid* — In the formation of phthalic acid by the oxidation 
of naphthalene with sulphuric acid, the mercuric sulphate acts as 
a catalyst. The latter reagent has been used successfully in other 
oxidising processes, although the manner of its action is not yet 
explained. The formation of phthalic acid from naphthalene 
represents the initial stage in the manufacture of artificial indigo 
from coal tar. The subsequent processes consist in converting the 
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add into the anhydride by sublimation, the anhydride into phthal- 
imide by the action of ammonia gas, and the phthalimide into 
anthranilic acid by the action of sodium hypobromite (Hofmann^s 
reaction, see p. 93). 




■C,H«<gg>NH - 

CeH«<co6H. 


CONHBr 


. r TT 


The anthranilic acid is then converted into indigo by combining 
it with chloracetic acid and fusing the product with caustic alkali, 
which gives indoxyl and finally indigo by oxidation, 


C.H4<co6h + ClCH,.COOH 
r XT ^NHCHj.COOH 


c.h.<^^*>c.c<nh>c.h, 

Indtgo. 


. P „ ^NHCH.XOOH 

CeH.<co>CH» 

Indoxyl 


Preparation 151. 

Isatin. — The formation of isatin from indigo may be represented 
as follows : — 


.CO. . /COv /CO. 

>c-c< yc.n, Vo 

Vh/ I Vtk Vh/ 


o i o 

Indigo. 




This compound represents the lactam-form, and may pass under 
certain conditions into the lactim-form. 


^•hatin. 

There exists, however, some uncertainty as to which formula repre- 
sents the more stable form. Derivatives of both forms are known^ 
and the cmnpound offers an example of tautorntrism (see Notes 
on Prep. 26, p. 389), or, as it has been also termed, pseudommsm. 
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The constitution of isatin has been determined by its syntheses 
from o*nitrophenylgiyoxylic acid, 


CeH,< 


CO.COOH 

NOa 


CeH,< 


CO.COOH 

NHj 




which passes on reduction into the amino«compound, the latter 
forming the anhydride or isatin (Claisen). 


Preparations 153, 154. 

Phenylanthranilic Acid and Acridone. — ^The first of the above 
preparations illustrates the use of finely divided copper as con- 
densing catalyst by removing halogens from the aromatic nucleus 
(Ullmann). For example, iodobenzene is converted almost 
quantitatively at 230® into diphenyl, 

zCeH^I == CeHj.CeH^ -f I,. 

Bromotoluene in the same way gives ditolyh Bromobenzene and 
chloracetic ester when heated with finely divided copper to 180 — 200® 
are converted into phenylacetic ester, etc. 

The second process is one of simple dehydration bringing about 
ring formation. 


Preparations 155, 156. 

Naphthalenesulphonate of Sodium. /J-Naphthol. —The formation 
of the sulphonic acid of naphthalene and the corresponding phenol 
by fusion with caustic soda is analogous to that of benzene sulphonic 
acid and phenol (see Prep, 90, p. 203, and 92, p. 205). It should be 
noted that naphthalene forms two series of mono-derivatives dis- 
tinguished as a and p compounds. By the action of sulphuric 
acid on naphthalene, both a and p sulphonic acids are formed. At 
a lower temperature (100'^) the product consists mainly of the 
a compound; at a higher temperature (170°) of the p compound. 
The formation of naphthalene from the sulphonic acid by distilling 
the latter with cone, sulphuric or phosphoric acid in superheated 
steam is a process frequently resorted to where it is required to 
regenerate the hydrocarbon or a derivative from its sulphonic acid. 
p-Naphthol and its derivatives are used for the preparation of 
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a^o-colours (see Reaction 6, p. 184), and for that of ^-naphthyL 
amine. The latter is obtained by the action of ammonia under 
pressure on jS-naphthol, 

C10H7OH -f NH3 ^ i- H»0. 

This reaction is resorted to for the reason that naphthalene forms 
only the a-nitro-compound with nitric acid. The method, similar 
to that used for preparing aniline from nitrobenzene, cannot, 
therefore, be employed for the production of .S-naphthylamine, 
a-Naphthol is mainly used for the m^ufacture of yellow and 
orange colours (Martius and naphthol yellow) by the action of 
nitric acid, and are similar in constitution to picric acid (see Prep. 
97, p 214). 

The naphthols differ from the phenols of the benzene series in 
forming ethers after the manner of aliphatic alcohols, viz., by 
the action of sulphuric acid on a mixture of the naphthol and the 
alcohol, which the other phenols do not, 

+ CH3OH - Ci^^H^OCHg + H3O. 

Naphtl^yl metbjl ether. 


Preparation 157. 

Naphthol Yellow, — Compare with picric acid in its formation and 
dyeing properties. 


Preparation 158. 

Anthraquinone. — ^The constitution of anthraquinone is derived 
from various syntheses, such as the action of zinc dust on a mixture 
of phthalyl chloride and benzene, or by heating benzoyl benzoic 
acid with P.2O5. 

C.H*<c8ci + + 2HCI 

C.H 4 <coO#‘ = -p H.O. 

Unlike benzoquinone, it is not reduced by sulphur dioxide 
(see Pr^. 108, p. 237). Heated with HI or zinc dust it is converted 
into anriiracene. 
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Preparation i6o. 


AilzarIn.~The first syntheses of alizarin is due to Graebe and 
Liebermann (1868). The present method was discovered simub 
taneously by these chemists and by Perkin . By the action of fuming 
sulphuric acid on anthraquinone, the main product is p-anthra« 
quinone monosulphonic acid, 




u 




\co/\V 


By fusion of the sodium salt with caustic soda and potassium 
chlorate, the hydroxyl groups enter the a and p position. The 
constitution of alizarin is therefore 


COv 


OH 


Y>h 


Alizarin. 


The constitution has been determined by its syntheses from 
phthalic anhydride and catechol in presence of concentrated 
sulphuric acid (Baeyer), 




OH I 
OH 2 




OH I 
OH 2 


Other colouring matters have been obtained by the oxidation of 
alizarin (purpurin), and by fusion of the disulphonic acids of 
anthraquinone with caustic soda (anthrapurpurin and fiavo- 
purpurin). It is an interesting fact that, among the numerous 
di- and poly-hydroxyanthraquinones, only those which have the 
two hydroxyls in the ap position are colouring matters (Liebermann 

CO 

“tXX/" 

.\ntbrapurpunn. 


and Kostanecki), 


/' 
i , 
\/ 


rn 


OH 



OH 


:o- 


OH 


Purpurin. 


CO 


Flavopurpurin. 
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Preparations i6i — 165. 

PineBe, Camphor. — The conversion of pinene, the chief constituent 
of turpentine oil into camphor is a process of great commercial 
importance and involves a series of somewhat intricate changes^ 
very characteristic of so-called “ bridged ring structures. The 
constitution of pinene and of bornyl chloride is now well established 
as follows : — 



Pinonc Bornyl chloride. 


The conversion of the latter into camphene involves a fundamental 
change in structure which may be represented as follows : — 


ClHc/ 


CCH, 

/i\ 


H,c! 




NcHj _f.jQ HC~ 


C.CH, 


CCH. 


/I 


\ 


i/ 

CH 


ycH, 


->■ CH,.C.CH, 


CH 

CH. 


Bornyl clilonde. 


Iriryclcne. 


HCf-1 

k:h,.c.ch, 

I /'CH. 
\'n 

Campliene. 


The formation of isobomeol and camphor will then be represented 
thus : — 


C(OH)CH, 


HCj 

H^cl 




iCH, 




\l/ 

CH 


yCH, 



"'Plfese changes exhibit the strong tendency towards the formation 
^'g‘^atom in preference to 3 or 4-atom rings. 



APPENDIX 


459 


Preparations 167. t68. 

Camphoroidme, Bornylamlne. — ^The formation of these two 
substances is another illustration of two typical reactions already 
exemplified under acetophenone oxime (p. 259), reactions which are 
of general application. 


Preparation 169. 

Quinoline. — ^The formation of quinoline by “ Skraup’s reaction 
may be explained as follows: The sulphuric acid converts the 
glycerol into acrolein^ which then combines with the aniline to 
form acrolein-aniline. The latter on oxidation with nitrobenzene 
yields quinoline. 


CHplI.CHOH.CHpH CH,:CH.COn -f- 2 H 2 O 

Acrolein. 


-f OCH.CH-.CII^ = CeH^N.CH.CH-.CH^ + H^O 

Acrolein aniline. 


/Nh ch 


CH 

\/\ / 

N 





N 


Quinoline. 


-f H,0. 


The reaction is a very general one, and most of the primary aromatic 
amines and their derivatives can be converted into quinoline 
derivatives, provided that one ortho-position to the amino-group is 
free. {?-Ammophenc)l, for example, yields a-bydroxyquinoline in 
the same way, 


n 




o-Ammoplwnol, 



f *1 1 ydroxyquuiolme. 


Preparations 171, 172. 

/^■Nltro- and Amino-quinolines. — ^The former is another example 
of Skraup’s reaction in which the oxidising agent is arsenic acid in 
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place of nitrobenzene. The amino-derivative is obtained by re- 
duction but is carried out in the absence of acid^ the nitro-group 
being much more readily reduced than in the case of nitrobenzene 
or nitronaphthaiene. 


Preparation 173. 

Tolaqninaldine. — Quinaldine and its congeners was first prepared 
by Doebner and v. Miller by the action of acetaldehyde or par- 
aldehyde on an aromatic amino-compound in presence of hydro- 
chloric acid. The mechanism of the reaction is still somewhat 
obscure; but may be explained in the case of aniline (and other 
bases) by the formation of acrolein aniline, C^HgNrCH.CHg (formed 
by the union of aniline and acetaldehyde), followed by the con- 
densation of two molecules, thus : — 


;c;‘h"N:CH.CHj 

c,h,nh.<!;h.ch. 


/\/\ 

I J IpiJ 


-f C.H.NH, -f H,. 


ITie same reaction takes place with ketones and with mixed 
aldehydes and ketones, phenyl quinaldine being obtained in a 
similar fashion by the use of aniline, acetophenone and acetaldehyde. 


Preparations 174, 175. 

Benzoyl Piperidine^ Pentamethylene Dibromide. — ^The conversion 
of benzoyl piperidine into pentamethylene dichloride and bromide 
is a reaction which we owe to J* v, Braun and one which has led to 
many important and interesting syntheses. Thus, by combining 
the pentamethylene bromide with magnesium and forming a Grignard 
reagent at both ends of the chain, it has been possible to introduce 
non-metallic and metallic atoms into the benzene ring. By the 
action of their halogen derivatives cyclic compounds of silicon, 
phosphorus, arsenic, antimony, bismuth, lead and tin have been 
formed (Bygden, Griittner). To take one example 


XH.,CH,MgBr 
CH / * ‘ + SiCl. 

\CH*.CH,MgBr 
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Von Braun has succeeded in synthesising lysine by a similar reaction 
in which benzoyl piperidine may be converted into an open chain 
compound by the action of phosphorus pentachloride and the 
product converted successively into the cyanide and add, 


H4C CHj 

C.H,CO.n/ 


■ C,H,CO.NH(CH,),Cl 
C*H,CO.NH(CH,),CN — > C,H,CO.NH(CH,),COOH — V 

Benzoyl lysnie. 


HjC CHj 


NH,(CH,)jCOOH 

Lysme. 


Preparations 176, 177. 

Phenyl Aeridine, Benzoflavine.— These two preparations are 
introduced to illustrate the syntheses of simple acridine derivatives. 


Preparation 178. 

Phenylmethyltriazole Carboxylic Acid. — ^The mother substance oi 
this compound is a tnazole, viz., pyrro-ap-diazole, which is one of 


four isomeric compounds : — 



NH 

NH 

NH 

NH 

n/\n 

Hc!! — “CH 

— l'ch 

n^Y^ 

HC^^ — -N 

hc^Y^ 

N^l — ^N 

Pyrro-aa' -diazolc. 

Pyrro-oji-diazolc, 

Pyrro-a/3 -djazolc. 

P3nTo-^|3^-diazole . 


Pyrro-ap-diazole was first obtained by the oxidation of azimido- 
toluene, which in turn was prepared by the action of nitrous acid 
on £>-toluylenediamine. 


NH 

.Un 



CH, 


Azimidotolueatt& 


NH 


HCi 

H 


(ps 

benzoic aa ' 

NPl 


HO.OCl, 
Azimidobcnzoic acid. 

NPl 


Pyrro-ij/S-diazote. 


NH 

HOOC.Cjf^N 

HOOC.cLi'N 

Tnazoledicarboxylic acid. 
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It is a colourless oil, b. p, 280®, with the properties of a weak 
secondary base, dissolving in acids, and forming easily hydrol3^able 
salts* 

The reaction described in this preparation is of a general character, 
and furnishes a useful method for preparing members of this series 
of heterocyclic compounds. Diazobenzolimide condenses in a similar 
fashion with ketones (acetophenone) and dibasic esters (malonic 
ester) as well as with ketonic esters, as in the present case. These 
substances possess the usual properties of cyclic compounds ; carb- 
oxyl may be removed as COj,, and alkyl side-chains oxidised to 
carboxyl ; they may be sulphonated and nitrated^ and the nitro- 
group reduced to an amino-group ; the phenyl group attached to the 
nitrogen may also be removed by oxidation. Thus, phenyl- 
methyltriazole carboxylic acid loses CO^ on heating, and on oxidation 
the methyl group becomes carboxyl and can also be removed in the 
same way. The resulting product is phenyl triazole. I'he pro- 
perties of the individual triazoles are influenced, like other cyclic 
compounds, by the groups attached to the nucleus, and to some 
extent also by the basic character of the mother substance. 


Preparation 179. 

Quinine Sulphate. — Quinine belongs to the group of vegetable 
bases” or alkaloids. These substances are widely distributed 
among different orders of plants, and are usually colourless, 
odourless, and crystalline solids. A few, however, are liquids 
(conine and nicotine), and possess an unpleasant smell. There is 
no general method by which the alkaloids can be isolated from 
the plants in which they are found. They usually exist in 
combination with acids, such as malic, lactic, and other common 
vegetable acids. Frequently the acid present is peculiar to the 
plant in whiesh it occurs. Quinine and the other cinchona 
alkaloids are found in combination with quinic acid, morphine 
with meconic acid, aconitine with aconitic acid, &c. A common 
method for separating the alkaloid is to add an alkali. If the 
base is volatile in steam, like conine, it is distilled with water; if, 
as generally happens, the substance is non-volatile, it is extracted 
by means of a suitable volatile solvent, such as ether, chloroform, 




APPENDIX 


463 


alcohol, amyl alcohol, &c. The solvent is then distilled off, and 
the alkaloid, which remains, is either crystallised or converted 
into a crystalline salt. 

The alkaloids are strong bases, which turn red litmus blue, and 
are very slightly soluble in water. They form soluble salts and 
double salts with platinic and auric chlorides. The principal general 
reagents for the alkaloids are : — 

1. A solution of iodine in potassium iodide, which forms a reddish- 
brown precipitate of the periodides. 

2. A solution of phosphomolybdic acid in nitric acid, which gives 
yellow precipitates of different shades. 

3. A solution of potassium mercuric iodide, which forms white 
or yellowish -white precipitates. 

The constitution of quinine is known though its syntheses has 
not yet been accomplished. Its relationship to quinoline has long 
been known, since it gives this substance on distillation with 
caustic potash (Gerhardt). 



NOTES ON THE BIOCHEMICAL PREPARATIONS 


Section III 
Preparation i8o. 

Pialmitio Acid, — ^This acid, together with stearic and oleic acids, 
in the form of the glycerides, are the chief constituents of fats. 
Palmitin (glyceride of palmitic acid) is also found in certain vegetable 
oils such as palm and olive oil. The acid occurs also as the cetyl 
ester in spermaceti and as the myricyl ester in bees-wax. It may 
be obtained from oleic acid by fusion with potash. 

Cj8H3^02 "I” $0 5 K.OH =: CjjHgj02K -f- 2 X ^2003 -f- 4^12^* 


Preparation 181. 

Cholesterol. — The substance was discovered in gall-stones, but it 
is widely distributed in both the animal and vegetable organisms. 
It is associated in small quantities with the fats and oils, is present 
in egg-yolk, bile, brain, blood and in the liver, kidney and epidermis. 
It is also found in cod-liver oil. The constitution of cholesterol 
is still under investigation. It is a secondary alcohol, for it gives 
a ketone, cholestenone, on oxidation and is almost certainly a cyclic 
compound containing a double bond. 


Preparation 182. 

Although glucose yields neither a bisulphite com- 
pound nor gives Schiff’s reaction under ordinary conditions, its 
properties are apparently those of an aldehyde. In addition to its 
reducing action on alkaline copper and silver salts, and its com- 
bination with phenylhydrazine, iv forms an oxime with hydroxyl- 
amiite tod a cyanhydrin with hydrocyanic acid. On reduction 
^ it gives the hexahydric alcohol sorbitol^ and, on oxidation, the 

464 
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oori%spoodiag monobasic acid, ^luamif aeid, aad the dibasic acid, 
saeeharic adi, 

CH,OH(CHOH)<COOH. COOH{CHOH)«COOH. 

GraoQDk acid. Saciihiiric am. 


The presence ot five hydroxyl groups m glucose is determined 
by the existence of a pentacetyl derivative. On the other han 4 ^ 
glucose exists in two isomeric forms^ termed and p-glucdse, 
having different rotations and forming a number of isomeric 
derivatives such as a- and p-methyl glucose (see p. 404). For this 
and other reasons it is assumed that the compound is actually 
an oxide, possessing two stereoisomeric forms : — 


H--C-OH 

/' in OK 

/ I 

Q CHOH 

\ in OH 
\l 
CH 
! 

CH,OH 

a Glucose. 


OH 

/ J_ 


o 


CH.OH 

I 

CHOH 

Mh 

I 

CH,OH 

^^Glucose. 


The discovery of the optical enantiomorph of grape-sugar (which 
is dextro-rotatory) has determined the present name of dextro^ 
glucose to distinguish it from laevo-glucose, which is laevorotatory. 
For the synthesesof these two sugary and the other mono-saccharoses, 
a text-book must be consulted. 

The other common sugars, which reduce alkaline copper sulphate, 
are fructose (laevulose^ galactose, maltose and milk-sugar, the 
two latter being disaccharoses. They are most readily identified 
by the microscopic appearance and melting-point of their phenyl* 
osazones. Cane-sugar is readily distinguished from the majority of 
the common sugars by its indifference towards alkaline copper 
sulphate, until previously boiled with a few drops of dilute sulphuric 
acid. It is then inverted and gives the reactions for glucose and 
fructose. 

The change of rotation of freshly prepared solutions of these two 
jsomenS is known as mutarotattm and i$ a common observation 
among the migars and their derivatives* 
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ifiaamtjdwoses exist in two isomerk fotw witln the 
following sffedficxotations. 


Monosaedxarose . 

a*SeneS 

1 jS-Series 

if-Glaopse .... 

i 

-f no** 

+20® 

4-Waniio6€ . ’ , 

+ 76 

j —14 

d-*Gaiaetose * 

4 " 14^ 

+ 53 

<i-!Fractose . . . 

4- 17 

j 140 


When, by the wandering of a hydrogen atom from the top earbinol 
group to the oxide oxygen, the compound assumes the stmctee 
and functions of an aldehyde^-the end asymmetric group disappears. 

Preparation 183. 

Saeaharic Aeld from Glucose. — In the oxidation of glucose with 
nitric acid the two end carbon atoms are attacked and converted 
into catboxyl groups. A similar effect is produced m the case of 
the other monosaccharoses, yielding, however, different saccharic 
acids, determined by a difference in the configuration (space arrange- 
ment) of the groups round the four asymmetric carbon atoms. 


Preparation 184. 

a^-Metliy] Glucoside. — ^The formation of the methyl glucoside must 
be accompanied by the presence of an asymmetric carbon atom 
(indicated in the formula in thick type) in the end carbinol group 
and consequently two isomers should be formed. This is precisely 
what occurs, and with the majority of aldoses two stereoisomers, 
distinguished as a and p, have been isolated. The structure of the 
a- and p-methyl glucosides may be represented in the followii^ 
manner:^ — 
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pREPARAtlON 186. 

I 4 ^e AeW.“— In this preparation the organism or lactic lerijfient 
|s present in the sour milk and St* Ivel or other strongly Ikvowed 
cheese, as well as in the nitrogenous matter serving as nutriment 
for the organism. By adding zinc carbonate, the concentration 
of free acid, which would eventually destroy the organism, is 
prevented. Lactic acid contains an asymmetric carbon atom and 
should therefore exist in two stereoisomeric forms, although the acid 
from sour milk is usually quite inactive. The acid has, however, 
been resolved into its optically active constituents, the dextro- 
rotatory member being identical with sarcolactic acid from the juice 
of muscle. 


Preparation 187. 

Casein and Lactose. — Casein is a protein possessing acidic 
properties and is soluble in alkalis, the alkaline salts being subject 
to electrolytic dissociation in solution. The average percentage 
amounts of amino-acid constituents which it yields on hydrolysis 
are as follows : — 


Alasiuie. 

Leuc juc and 
Valme. Isoleucme. 

Aspartio Glutamic 
acid. acid. Senne. 

Lysine. 

Arginine. 

09 

10 io'5 

1*2 

ii'o 0*23 

6*0 

4*8 

Proline. 

Hydroxy- 

proline. Histidine. 

Tryptophane. 

Phenyl 

alanine. 

Tyrosine. 

3*1 

03 

2*6 

1*5 

3*2 

4*5 


Lactose is a disaccharose and yields on hydrolysis with dilute 
mineral acids a mixture of equal molecules of glucose and galactose. 
The latter on oxidation gives a dibasic acid known as mucic acid, 
which differs from saccharic acid (see p. 323) in the configuration of 
the four asymmetric carbon atoms, which may be represented ^s 
follows 


COOH 
H— (L-OH 
OH— (I— H 

OH— ( 1 — H 

H— <L- 0 H 
(iooH 


Mucic acki 


Muoc acid like mesotartaric acid is inactive by internal com^ 
pensation* 
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Mmuiom.— I t will be observed that the fbnnula for nmnose 
appears to be idefntKAl with' that of glucose. The difference is 
due t® the space arrangement of the four asymmetric carbdn atoms^ 
which may be represaited as follows 

HC.OH 



I 


ct^Msumote. 


It may also be obtained by the oxidation of mannitol from the 
manna ash. llie sacchanc acid corresponding to this sugar is 
known as manno-saccharic acid. 


Preparations 190^ 191. 

Ommidlna and Mathylguanldine. — ^Although guanidine has 
occasionally been isolated from vegetable sources^ its interest is 
chiefly determined by its presence as a constituent of creatine, 
certain xanthine bases (guanine) and protein cleavage products 
(arginine). It was origmally prepared by the oxidation of guamne, 
but is most conveniently obtained as described, Methylguanidine 
is physiologically of greater interest^ as it forms a normal constituent 
of muscle. It may be obtained by the oxidation of creatine or 
synthetically as described. 


Preparation 192. 

— In addition to tlie method described in the preparation, 
urea may be obtained by the oxidation of anhydrous potassium 
ferrocyanide with potassium didiromate (Williams), or manganese 
dioxide at a rea heat, or by the action of permanganate on a cold 
solution of potassium cyanide (Volhard), It has been synthesised 
by the action of ammonia on (1) phosgene, it) urethane, (3) chloro^ 
jEoiutitc ester^ and (4) ethyl carbonslte. 
t, + 4KH8 4- znUfil 

4- NH, » KH^.CO.KH, 4^ 

, OCQOCtHi + alSTH^ ^ 

4, 4- aNHt « 
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also {5) by the action of dilute acid on cyanamide, and (6) by 
heating guanidine with dilute sulphuric acid or baryta. 

5. CNNH^ 4. MjO « NH,.CO.NHa. 

0. NH:C{NHa), + H,0 « NH,.CO.NH, 4- NH*. 

Although ammonium cyanate is so readily transformed into 
urea^ the former can be obtained by passing ammonia into an ether 
solution of cyanic acid maintained at a low temperature (Donnan), 

The syntheses of urea by Wohler in 1828 is usually regarded as 
a turning-point in the history of organic chemistry, when organic 
compounds ceased to be merely products of a vital force, associated 
with living animals and plants. They now assumed for the first 
time an independent role as substances capable of syntheses by 
ordinary chemical means. In point of fact this is not strictly true, 
for Scheele had prepared oxalic acid, only previously known in 
wood sorrel and other plants, from cane-sugar, and Dbbereiner had 
obtained the formic acid of ants by the oxidation of tartaric acid. 
The formation of urea offers an interesting example of intramolecujar 
change, of which many cases are now known. 


Preparation ic)3. 

Thiocarbamide.— This is an example of a reversible reaction, in 
which either ammonium-thiocyanate or thiourea when heated 
yields the same equilibrium mixture. It may be shown by melting 
a little thiourea for a minute, when the presence of thiocyanate is 
indicated by the addition of FeClg. 


Preparation 194. 

AUoxantia.— The structure of alloxantin is still obscure. It 
appears to be a condensation product of alloxan (see p. 470) and 
dialuric acid. 

io 

JjH— to 
Oialunc acid. 
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Preparation 195. 

Alloxim* — ^Th€ 4ecompositk)ii of uric acid into alloxan and urea 
renders the constitution of alloxan of value in elucidating the 
structure of uric acid. The constitution is derived from the follow- 
ing facts : Alloxan is decomposed with caustic soda or potash into 
mesoxalic acid and urea, and with hydroxylamine it combines to 
form violuric acid, which points to the presence of a ketone group 
(Baeyer), Barbituric acid and nitrous acid also give violuric acid, 
and seeing that barbituric acid has been synthesised from malonic 
acid and urea by the action of phosphorus oxychloride (Grimaux), 
it is unquestionably malonyl urea. The relationship of these 
substances must therefore be represented as follows ; 


kh-~co nh~~co 

lo io io irNOH 

JfH— io iIh— < lo 

Alloxao. Violuric acid 


NH-^CO 

(in, 

iIh— do 

Barbituric acid. 


A renewed interest attaches to alloxan since E. Fischer^s discovery 
of the new syntheses of uric acid. The steps m the syntheses are 
briefly the following. Alloxan and ammonium sulphite form 
thionuric add, which is decomposed by hydrochloric or sulphuric 
acid into uramil, 

NH— CO KH— CO 

io -V io iH.NHs 

I I ^SO.H I ! 

NH— CO JN^H-~-CO 

Thiouunc iicid. Uramjl 

Ur^U and potassium cyanate unite to form potassium pseudoumte, 

NH--CO NH— CO 

io inNH, + OC.NK = io iHJJH.CO.NHK. 

Uio JrH—io 

Potassium psettdouxmte* 


NH—CO 

do do 
jlrH— io 

Allojcan. 
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Wte» fr«e pseUdouric add is heated with 20 per cent, hydroddoric 
acid it yields uric acid, 

jiH— CO NH— CO 

(k> iH.NH.CO,NH. - io (LnH. 

k-io + 

Ps^Qdouric acid. Unc acid 

Other synthetic methods are also known, for which a book of 
reference must be consulted. 


Preparation 197. 

Caffeine. — ^The close relationship existing between uric acid and 
caffeine has long suggested the possibility of converting uric acid, 
a comparatively plentiful material, into caffeine, an important 
and costly drug, occurring only in small quantities in tea and coffee. 
The problem has been solved by E. Fischer, who has succeeded in 
synthesising caffeine in a variety of ways. Fischer found that by 
using the same senes of processes as described above in the syntheses 
of uric acid, but substituting dimethylalloxan for alloxan, and 
methylamine sulphite for ammonium sulphite, trimethyl uric acid 
is formed, and is identical with hydroxycaffeine, 


CH,N 


•CO 

io <^_ 


CH,N- 


-N{CH.) 
c— im 


Trimethyl uric atid (llydroxycaffeme) 


Hydroxycaffeine is converted into caffeine by acting upon it with a 
mixture of phosphorus pentachloride and oxychloride. This 
forms chlorocaffeine, which is then reduced with hydriodic acid to 
caffeine, 


— "CO 

io (>-N(CH,) 

I II >'• 

CH^N 

ChJojroMiffeme. 


CH^N CO 

do C— N(CHJ 

t I 

CH,N 

Cafieioe. 


• ^ Practical omAMc CHCiiisTiif 

1 y -;[ ■! .■■■f|: v„i , , i 

fhe same xmitvmy be obtafeed fe a smti^ler W4y by b^ethylatiiig 
uric acid, attd coi^verting it ioto trimethylmic add ai»d then teto 
caffeme; by |ijcqpaTii»g Ae mo»o- and cji'-metiiyl derivatives 
0 ! uri^ acid, reducing these to the oonfespcmdaig and di- 
methylxantihines and introduc&ig additionai methyl groups into 
the product. 


Prefaration 199. 

laneine.'— It has long been known that mineral acids 
and alkalis possess the property of breaking up albuminoid sub- 
stances and resolving them into the simpler amino-acids. The 
introduction by Fischer of a method of separating the amino-acids 
by converting them into volatile esters followed by fractional 
distillation m vacuo has led to the recognition of the wide distribution 
of such acids as alanine, serine, and phenylalanine, and to the 
discovery of two cyclic acids, pyrrolidinecarboxylic acid and 
hydroxypyrroMine carboxylic acid. The following is a list of 
amino-acids from albuminoid substances which have been separated 
by fractional distillation of their esters under reduced pressure : 


Ethyl ester 

B p. 

Pressure m mm. 

Glycine . , . . . 

5 I* 5 - 52 ' 5 ® 

10 

Alanine . , . v . 

48-5 

10 

Aminoisovalenc acid . ! 

63-5 

8 

Leucine .... * 

83-5 

12 

Aspartic acid ... 

126-5 

It 

Glutamic acid . . . j 

iSP-iio" 

xo 

Phenylalanine . . . j 

143' ^ 

1 10 


Preparation 201, 

4Hyeim from ^Potassium PhthaUmide,— The method used by 
Gabriel for introducing an amino group into fatty acids has had a 
wide application, Fischer’s syntheses of alanine and ornithine 
bdve been e&cted in a similar fashion. 



HINTS ON THE IDENTIFICATION OF ORGANIC 
SUBSTANCES 

Provide yourself with a good Book of reference, or chemist’s 
|>ocket book which contains tables of physical constants.^ 

Homogeffioity. — Determine if the substance is homogeneous. 

A Uquid. — If it is a liquid, distil a few cx. from a miniature 
distilling flask with a long side-tube, but no condenser, or with the 
apparatus shown in Fig. loo, in which the condensing surface is 
supplied by an inner tube through which water percolates.^ 

Use a thermometer and collect the distillate in a test-tube, Note 
the boihng-point, and observe if it fluctuates or remains constant 
and if any solid residue remains. A low boiling-point generally 
denotes a low molecular weight. A portion distilling in the neigh- 
bourhood of 100® may indicate the presence of water. 

It is useful to shake a known volume (5 cx.) of the liquid with an 
equal volume of water and to note if the substance dissolves, or if 
any marked change in the volume of the liquid occurs. A con- 
venient apparatus for this purpose is shown in Fig. loi, which is 

^ Any of the following reference books may be consulted * 

Weston's Scheme for the Detection of Carbon Compounds, Longmans, 
London, 1911. 

Clarke's Handbook of Organic Analy$t$, E. Arnold, London, 1911. 

Shepherd's Qualitative Determination of Organic Compounds, Uni- 
versity Tutorial Press, Ltd., Tendon. 

Kamm's Quahtaiwe Organic Analysts, Wiley, New York, 19^3. 

Rosenthaler’s Der Nachmeis organtsoker Verbindungen, ausgewdhlte 
Reakiionen and Vevfahren, Enke, Stuttgart. 

Kempfsi TaheUen der wickHgsten organtschen Verbrndungen geordnet 
nach Schmeiepunhien, Vieweg, Brunswick, 1913. 

H, Meyer’s Lehrhuch der organisch^chemischen Methodtk, 4th ed.. 
Springer, Berlin, 192^^- 

Mtuliken’s Identification of Pure Organic Compounds, Vols* 1 — tV, 

* This apparatus can also be used as reflux condenser or for cpllectmf 
evolved gas if the Side piece is furnished with a delivery tube 
under water or mercury. ^ ' 
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itierely a aidd narrow, graduated cylinder hoMiog to <i*c. 
tht solubility of a portion of 
the liquid is an indication of 
the presence of a mixture. 

Furthermore^ the specific 
gravity of the insoluble por- 
tion (its floating or sinking in 
the water) will be roughly 
indicated and should be noted. 

Wherever possible a liquid 
should be converted into a 
solid derivative, the latter; 
being identified by its melting 
point as described below, 

A Solid. — If the substance 
is a solid, examine a few 
l^rticles on a slide under the 
microscope, or, better still, 
recrystallise a little if possible 
and notice if the crystals 
appear similar in shape. If 
it is a mixture, try to separate 
the constituents by making a few trials with different solvents,, 
water, alcohol, ether, benzene, petroleum spirit, ethyl 
acetate, acetone, chloroform, carbon tetrachloride, pyridine, 
acetic add, nitrobenzene, &c. If it appears homogeneous^ 
determine the melting-point, the sharpness of which will 
be a further confirmation. Having Satisfied yourself as 
to the nature of the compound, it is always advisable to 
take the melting-point of the substan6e fused with a 
little of a known specimen, the melting’-point of which 
shouI<J be unchanged. If it turns out %ohe ^ mixture, it 
must be further treated in the manner described under 
mixtures ’’ (p. 498)^ 

fha Aetton ol Heat-r-We will assume in the first place 
that the substance is homogeneous and consists of a smgle 
individual. Heat a portion on platinum foil or nickel 
spatula and notice if it volatilises, chars, or bums witb^ 




Fig. ioo. 
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a ctear, Imninous, uon-^Iuminous (aliphatic), or smoTcy (aitiiiilatic) 
ilame. Oetcnnine the nature of the residue, if any, when the 
cathon has burnt away. 

Metaii or m$taUic mide or carhifnate may indicate the present® ol 
an organic acid, phenate, or double salt of a base. Test if the residue 
is altoaKiie by moistening it and applying litmus paper (alkali or 
alkaline earth metals). 

Sulfkak^sidphdte^ or sulphidt may indicate a sulphate, sulphonate, 
mercaptan, or bisuJjAite compound of an aldehyde or ketone. 

Cyanide may indicate a cyanide or ferrocyanide, &c. 

Heat a little of the substance in a small, hard-glass tube and 
observe whether thfe substance melts, chars, explodes, sublimes, or 
volatilises; whether an inflammable gas, water, etc., is evolved; 
also notice the smell. 

Carbohydrates, polyhydric alcohols, higher oiganic acids (e.g,^ 
stearic), dibasic and hydroxy-acids (e.g., tartaric), certain amides 
(e.g,, oxamide), alkaloids, and azo and other organic colours char 
and give of! water or (if nitrogen is present) ammonia or basic 
constituents. But a great number of common organic compounds 
are volatile without decomposition. 

The Elements* — ^Tcst for nitrogen,^ sulphur, and halogens. li 
none of these are found, carbon and hydrogen are present and, if 
the substance has given off water or is soluble in water, it may 
be assumed that oxygen is present as well. The action of sodium 
on the substance, if liquid, or on its solution in benzene or ligroin, 
if solid, should be tried in the apparatus, Fig. loo, and the gas 
evolved tested for hydrogen, which if presentmay indicate hydroxyl, 
ketone, or ester groups. 

The presence of nitrogen may indicate an ammonium scdi, organk 
base{umme<>r alkaloid) y amino-add yOmiity cyanide y \%ocyamdtyOxime,, 
Hikoso-- or nitro-compmndy azo-cmpoundj &:c. 

The presence of sulphur may indicate a sulphate of an organic 
hasoy alkyl sulpJmtey sulphiky sulphidcy mercapianj sidphonic addy, 

^ it is sometimes difficult to detect nitrogen by the Sodium test. The 
result should mot be regarded as conclusive, especially if the substance 
is volatile, unless it has been dropped in small quantities at a time into 
the m^ted metal, whi<ffi should be heated in a haid glass tube damped 
in a retort-stand. Special care must be used with nitro-compound^j, 
which may eiiplode and shatter the tube. 



m ■ 0«°>^ CHEMtoV 

M l i n I. 

^pAtm: s^tmne^ bisuiphite compmmi ^ m 

The presence of ^ halogen may indicate a hdoii mb 0f a 
dkylf kh^m^ m myl haMde^ ucii hdU$y hddi ierkoHn 0f m 
oiiehydA or mid* Some^ substances^ like mmt&rd mb, 
sulphimc acids and ikioemides, contain both nitrogen and sulphur. 

The tests for nitrogen, sulphur and halogen may be conducted 
in one operation by taking separate portions of the solution after 
treatment ifHth metallic sodium and adding the appropriate reagent. 
If nitrogen and halogen are present together it will be necessary to 
boil the solution with a little nitric acid until the hydrocyanic acid 
expelled before testing with, silver nitrate. ^ 

MuhlOty* — ^Try'if the substance dissolves in hot or cold water. 
Take about o’l gram of substance (if solid, finely powdered) and 
add 2-3 c.c, of water. If it does not dissolve, warm gently and 
finally boil. If it dissolves in water, test the solution with litmus 
and observe the reaction (acid or base). Take a fresh portion of the 
substance and note if it dissolves in ether. If it does mt dissolve in 
water, try successively the effect of dilute hydrochloric acid (indicat- 
ing a base), dilute potassium hydroxide solution (indicating an 
iftcid or phenol), and finally cone, sulphuric acid and, in the last case, 
^notice if charring occurs or gas is evolved. 

Solubility in Water.— Apart from the salts of organic bases and 
aacids, many of whidi are very soluble in water, the solubility of 
isimple organic substances is generally determined by the presence 
iof the OH group (including CO.OH and SOjj.OH groups) and to 
jaome extent by NH^ group. The greater the proportion of OH 
♦groups to carbon, the greater, as a rule, is the solubility in water. 
'The lower alcohols, methyl, ethyl and propyl alcohols, are miscible 
with water; normal butyl and fr<?butyl alcohols (feimentation) 
fdissolve in about 10 parts of water at the ordinary temperature ; 
samyl (feimentation) in about 40 parts of water. The first 

iwo may;^1|e sq>arated from solution by the addition of solid 
potass}i|i|^rbonate. The addition of common salt is sufficient to 
Hepar^rfAe last three (propyl, butyl, and amyl). The poly- 
hydjAWohok, glycol, glycerol, and mannitol, and also substances 
sugars, are extremely soluble, for the proportion of OH 
carbhn is high* Ordinary phenol requires for solution 
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15 paits of water, ’Wliereas the 4^ and tri^hydric phendls readily 
dissolve. The same applies to acids. The lower tnoBobasic 
aliphatic acids (formic, acetic, propionic, and normal butyric) are 
easily soluble in water, whereas t5(?butyric requires 3 parts and valeric 
about 30 parts of water* The last three separate from water on the 
addition of salt* The dibasic and hydroxy-acids, where the j^rO- 
portion of carbon is small (succinic, tartaric, and citric), are naturally 
more soluble than the monobasic acids having the same number of 
carbon atoms. 

The majority of aromatic acids are not very soluble m water at 
the ordinary temperature, for the proportion of carbon to carboxyl 
is high ; the hydroxy- and polybasic and also amino-acids are more 
soluble than the unsubstituted monobasic acids (or, if substituted, 
where the substituents are halogens or nitro-groups, which diminish, 
as a rule, the solubility). One thousand parts of water dissolve 
at the ordinary temperature about 2J parts of benzoic, 2J parts 
of salicylic, 8 parts of phthalic, and 159 parts of mandelic acid. 
Acids such as gallic and tannic acids are readily soluble in water. 

The sulphonic acids and also many of their salts are very soluble. 

The lower aliphatic amines and amides are soluble in water, but 
not the higher members, nor the simple aromatic amines; but 
some diamines, amino-phenols and ammo-acids are moderately 
soluble. Many of these soluble compounds may be extracted with 
ether after salting-out (adding common salt to saturation). If the 
substance is soluble in water, it may be one of the above-named 
compounds, or a lower aldehyde or ketone, or a bisulphite compound 
of these substances, or the salt of a^base or acid. 

The following is a list of the more soluble organic compounds, 
their boiling-points, melting-points and solubilities, which are 
roughly indicated by the letters 5. (soluble in cold water) Ls. 
(soluble in hot water). 

Of these the following are also soluble in ether: alcohols, 
aldehydes, ketones and acids of low molecular weight, some 
anhydrides, esters, phenols and amines, whereas polybasic acids, 
hydroxy-acids, polyhydric alcohols and sugars, sulphonic acids and 
salts of organic acids are usually insoluble in ether. The substances 
soluble in ether are noted in the second column, r. indicating easily 
soluble and a blank, soluble with difficulty* 
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LiQtjms AN0 Scales. 


Soitsl;^ Solttbl# 
ih water. In ether, 


Aimhds^ 

Mothiit |p. 74) . . . 

Et| 5 ^{n. 5 +) . - ^ 

wBu^Cjp.T^) ♦ • ‘ 
♦ • ‘ 

AUyl^. 13a) , . . 

Benryiip, aa?)) . . , 

Glycel 

lap) . . 

.y menihcetiii 

^ (^cetin . . 

,, triacetiii , ■ 

MaUitol 

Diacetnne ale<^l « . 

didgkyM-^ 

Fecjoaati^ . . , 

Aoetal^hy<ifi (p 7 * ) • 

,y anunoma 

Chloral , . . . . 

CW<»al hyrtrate (p. 120) 
Butyl chloral hydrate . 
Acrolein . , . . . 

iCttams — 

Acetone <p. »o) . . 

Methyl ethyl ketone 
Aoet^dacetone (p. 104) . 
Acetoxime (p 82) . 
Methyl ethyl kelojiime . 



Bisulphite compounds of aldehydes 
and ketones 

Aipids — 

Formic (p. 130) 

Acetic (p 86) ....... 

Propkaiw 

n-Bhtyrxc (p^ 119) 



Chloraoetic (p ro6) ..... 
Pidriloracetic (p izt) .... 
Trichloracetic (p. laa) . . , . . 

Brottiacetic(p, xxo) .... 
Cyanaretic (p 108} ... 
Atialnoacetic ^Glycfoe) (p. 1x2) 
Ainixiocapcmc (Leucinej (p, 339) 

Acrylic 

Glycolllc Ip. ray) ...... 

XActic (p. 325) 

G^oxafic (p. ray) 

Pyruvic (p. UT) ...... 

Chiahc(p. xa 3 (hydrated) . . . . 
Malotiic(p.iM.*r . . , . . 

Ethyl xxialoQio 1X7) * * . . < 

Saccharic aeid 3) • . . * . 

StKMnic (p. t37) 

...... 

Tartaric^. »«8) . ^ . . . . 

Otnc fp. X#} 

Cilttacon|c&. H8) 


M 4 tihir- 

point. 

BoShat^ 

point. 

_ 

66 


7 « 


97 


«5 

— 

ti 7 



13 * 


97 

— 

307 


t 97 


290 


300 

— 

360 


ai8 

r66 

decamp. 


164 


-ax 

— . 

az 

det amp 1 

— 

— ! 

96 

57 

97 

7 « 

dccomp 


5 * 

— i 

56 

— 

81 

— j 

137 

19 


15a 

— 

clecomp 

-- 


100 


1 19 


140 

— 

163 

— t 

155 

62 

186 

— 

190 

5a 

m 

50 

208 

67 


336 

— 

66 

1 

30 

' 140 

80 

decamp. 


decomp. 


X65 

101 

-w 

133 

decomp. 

X12 

»* 

t6o 

185 

If forms \ 
tanhyd./ 

too 

docomp. 

thp 

#» 

t 14 


80 

anliyd, j 
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Soluble Liquids and Souds { miHnuei }. 
















i ’ 


S<H.VK3 tliunu *m testss (eotiMmiwQ. 





moBf. 

.BoUhia. 


Ip w«t«r. 

in Other. 


pSt. 

Bosbs^ 





<S>* 93 ) . » . 

£m^yUublike ^5) * » . 


t. 

ft 

n 

***^ 

gal 

* » ♦ 4 # • 

jDletlifyldAilitte 


*t 

f* 

1* 


19 

xl2 

VtKiham . . • • 4 . 




5 a 

• 

©-PhfeylienediamwbB (p. rya) 4 


h^. 


ton 

X83 

^ as IP- 175) ‘ 


»» . 

•f 

«3 


<p* 1,65) • s 


*1 

»» 


267 

1X6 

Cajteii^ <p. M7) . * . . 
(^acosai»in« (p. $24) . . > 


ft* 

;; 

334 

xxo 


CttH^ <p. 333) . 4.4 





.M. 

GufitOiduxe (p. 329) * * . . 




— 


Amtdss md Cyttfitdds--^ 





F<wnx«mlde 



s. 

— 

192 

Aoeftamide (p. 89) ... . 

tIreA (jp 330) . . s . 

Methyl acetyl urea (p 92) , . 

Di<^yauodiamld8 (p 320) . . 



u 

83 

233 





decomp 




xio* 


. . 



205 


Thiourea (p. 533) .... 

Suedoinupe 




172 

130 


Benaamide (p. 235} • * -> 


h 3 1 


128 

..... 

Fonfiahiiide ... . . 

AcetanihdA tp^ 169) . . . 

Acetonitrile fp 01) . . . 




46 

... 




X 12 




s. 

1.... 

83 

Aoetoxime(p 82) 


»• 

60 

— 

Amim-tuMs — 




1 

dydne (p. 1x2) ....... 



232 

[ — 

Alanloe ......... 



195 


Aspanigixif . . ..... 

h-'s 


226 

— 

Tyroswe (p. 339) ..... 


decomp 

-r- 

GmiUniicacia (p. 350) < * • « . 

6 


213 

— 

5«/t$ oi haaea and adds. 





Add Imhydridds and cMmdts dissolve 





Gradually on waxsning and yield the 





add 






The above preliminary investigation will determine the further 
course of investigation but the following rough plan may serve as 
a guide. 


§ I. SIlffGtE SUBSTANCE SOLUBLE IN WATER 

I. CmUku only CarboHi Hydro^tn and Oxygen, — ^The number 
fid such stdlStanoes, as seen from the above table, is ccunparativ^y 
smhlh It|aay be an edcoMt oid^de or hitone of bw mobouiar 
weifiM* diii, phmd, eOrbohydreOe oe ghuostde. 
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Actds,^-'^M&k& a solution (if not already dissolved) and test with 
litmus. K the liquid is acid, a free is probably present. If the 
liquid is neutral and a metal has been found, a metallic salt is 
probably present. If the liquid is alkaline, it may be the alkaline 
salt of a phenol or an alkaline cyanide, both of which are hydrolysed 
in solution. The separation and identification of the acid is not a 
very simple matter. If the acid is an aromatic or an aliphatic acid 
of high molecular weight, in short, any acid which either does not 
appear in the table or is marked as only soluble in hot water, a few 
drops of cone, hydrochloric acid will usually precipitate it, and it 
may then be filtered, or removed with ether, and its melting-point 
determined. If no precipitate is formed, but the solution turns 
brown on the addition of an alkali, tannic or gallic acid may be 
present. If the acid is volatile and has a distinctive smell (formic, 
acetic, butyric, &c.), the solution should be acidified with sulphuric 
acid and distilled. The distillate will contain the free acid, which 
will probably have a distinctive smell. Individual tests may then 
be directly applied, but it is preferable to neutralise the distillate 
with caustic soda and evaporate to dryness on the water-bath, so 
as to obtain the sodium salt before testing. The free acid may 
be soluble and non-volatile, like oxalic, tartaric, succinic, citric, 
&c., and then special tests must be applied (see tests for these acids). 
Formic acid may be distinguished from the other members of the 
fatty series by its reducing action on permanganate, etc. (p. 132). 
(Unsaturated acids also reduce permanganate in the cold but 
they also decolourise bromine.) It is often convenient to con- 
vert a liquid acid into the />-nitrobenzyl ester, which is generally 
solid. This is done by boiling a solution of /)-nitrobenzyl 
bromide dilute alcohol (i vol. water; 2 vols. alcohol) with an 
equal weight of the dry sodium or potassium salt of the acid 
for half an hour. The solution is filtered hot if necessary, cooled^ 
the crystalline product recrystallised from dilute alcohol and the 
melting-point determined. Another method is to convert the 
acid into the solid anilide or />-toluidicle, (i) by bailing gently 
a small quantity of the dry, powdered sodium salt with twice 
its weight of the base and an equal weight of cone. HCl for 
about half an hour. On pouring into water the amide separates 
and can be crystallised from dilute alcohol; (2) by converting the 
cohek’s p. 0. c, f I 
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acid into the chloride by adding ^ parts of petroleum ether and 5 
parts of thionyl chloride and boiling with reflux for an hour. An 
excess of base dissolved in ether is then added, which precipitates 
the hydrochloride of the base. Water is added and the ether 
separated and evaporated, when the amide remains. 

Phenols, — If it is a free phenol, ether will extract it from its 
aqueous solution. If it is present in alkaline solution, the solution 
should first be saturated with carbon dioxide. (N.B. — The alkaline 
solutions of catechol, quinol pyrogallol and aminophenols darken 
rapidly in the air.) The following tests should then be applied. 

Ferric chloride reaction, — Dissolve a drop of the free phenol in 
water and add a drop of neutral ferric chloride. A green (catechol)^ 
blue (orcinol, pyrogallol) or purple (phenol, resorcinol) coloration 
is produced, which is often destroyed by acid or alkali. Thymol 
gives no colour reaction. Quinol is oxidised to quinone, and turns 
brown (p. 227). The naphthols give precipitates oi dinaphthol 
(p. 281). 

It should be pointed out that certain phcnolcarboxylic acids 
give colour reactions with ferric chloride (salicylic acid, p. 225); 
but others again do not (cresotinic and /)-hydroxybenzoic acid). 
These substances are, however, soluble in sodium bicarbonate. 

Schotten-Baumann reaction (p. 255). — This may be applied to 
the pure phenol in order to obtain the benzoyl or /)''nitrobenzoyl 
derivative, and the melting-point determined, or the acetyl deriva- 
tive may be prepared by boiling for a minute with acetic anhydride 
and a trace of cone. HjSO^ with the same object. 

The action of bromine water (p. 186), Liebermann's nitroso- 
reaction (p. 207) and the phenolphthalein reaction (p. 217), using 
cone, sulphuric acid or zinc chloride, may also be applied. 

Alcohols, — It may be a liquid alcohol (methyl, ethyl, propyl, 
&c., glycerol, benzyl) or a solution of it in w^ater. In the former 
case its boiling^oint will have already been determined. It may 
be further identified (i) by converting it into the benzoic, />-nitro- 
benzoic, 3 : 5-dmitrobenzoic or phenylacetic ester by the Schotten- 
Baumann reaction (p. 255) and determining the boiling-point or 
melting-point ; (2) the alcohol may also be converted into the 
solid urethane by warming it with phenyl isocyanate (p. 55), 

K.OH 4- CflHjN-.CO R.OOC.KHCgHg; 
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(3) by oxidation with excess of dichromate mixture (10 grams of 
NaaCrjjO, in 100 c.c. dilute sulphuric acid, i : 3 by volume. The 
alcohols are boiled for some time with reflux condenser, and the 
product distilled, the distillate neutralised with alkali and 
evaporated on the water-bath and the sodium salts tested. If 
the alcohol is in aqueous solution, it should first be fractionated 
and potassium carbonate added to the distillate, when the alcohol 
will separate. Glycerol in aqueous solution may be separated by 
evaporation on the water-bath, and will be identified by its viscid 
character and reactions (p. 129). 

Aldehydes and Ketones are detected in the first instance by : 
(1) Shaking with a cold saturated solution of sodium bisulphite 
(see Reaction 2, j). 73). (2) Adding to the aqueous solution p- 
bromo" or /)-nitro-phenylhydrazine acetate solution (see Reaction 
2, p. 80) or semicarbazide hydrochloride (see Reaction 2, p. 258). 
Aldehydes react more readily than ketones. 

The aldehyde may be distinguished from the ketone by its 
reducing action on alkaline copper sulphate, ammonia-silver nitrate 
and by Schiff’s test (see Reactions, p. 73), 

Carbohydrates will char on heating, and give off water and emit 
a smell of burnt .sugar. The substance is tested with alkaline 
copper sulphate, ammonia-silver nitrate, phenylhydrazine acetate 
or Molisch’s test (sec p. 320). ( ane-sugar will not respond to these 
reactions until it has been boiled for a few minutes with a few drops 
of dilute sulphuric acid and inverted (see Prep, and Notes). Special 
tests may then be applied to identify the particular sugar. A few 
gliK’osides are soluble in water, and gi\e the sugar reactions after 
boiling with dilute acid, 

2. Contains Nitrogen. — First test the original solid or liquid by 
heating in a hard-glass tube with soda-lime (p. 2), and notice if the 
smell is that of ammonia (ammonia salt, amide or cyanide), an amine 
(amine or amino-acid) or a pyridine base (alkaloid). 

Dissolve the substance in water , add caust ic soda solution and warm. 

Ammonium or amine salts, if present, emit the smell of ammonia 
or amine ; if the salt of an insoluble organic base is present {amine ^ 
alkaloid) j it may be precipitated as a liquid or solid. Salts of 
aliphatic bases and bases such as benzylamine and piperidine are 
neutral ; salts of aromatic bases (amino-group in the nucleus) are 

1 1 2 
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acid. A soluble organic base (lower amine, bentylamine, pyridine) 
will be detected by its smell. Most aromatic amino-compounds 
and alkaloids are insoluble in water. Some aromatic diamines and 
aminophenols are moderately soluble. The nature of the amine, 
whether primary, secondary, or tertiary, should then be investigated 
as described under II. 

Aminthaads of both the aliphatic and aromatic series will also 
come under this head. Substances like glycine, alanine, &c., are 
very soluble in water, giving neutral solutions, and may be identi- 
fied by means of the copper salt (see p. 113). Amino-acids of the 
aliphatic series also evolve nitrogen when treated with sodium 
nitrite and hydrochloric acid, and give off amines when heated with 
soda-lime. Amino-acids of the aromatic series may be diazotised 
and coupled with phenols, like aromatic amines (see p. 184). 

Amides ami Cyanides . — Many amides and a few cyanides are 
soluble in water. They are decomposed by hot concentrated 
aqueous or alcoholic caustic soda solutions, by concentrated hydro- 
chloric acid or sulphuric acid (equal vols. of acid and water) on long 
reflux boiling. In the first case, ammonia or amine is evolved and 
the acid remains as sodium salt in solution from which, after 
removing ammonia and amine, the free acid may be liberated as 
above and examined; in the latter two cases the free acid is 
liberated and may be distilled or extracted with ether and at the 
same time salts of ammonia or amine arc formed, which yield 
ammonia or amine on heating with excess of caustic soda. Amides 
of aromatic bases (anilides, &c.) behave similarly, but aniline or 
other aromatic base in place of ammonia is liberated and must be 
looked for. In that case, on hydrolysis with alkali the free base 
will be liberated and may be extracted with ether, the ether 
evaporated and the base converted into the benzoyl, ^-nitrobenzoyl 
or /^-toluene sulphonyl derivative and the melting-point determined 
(see pp. 205, 25a). If hydrolysed with acid the free organic acid 
must be removed before the base is precipitated with alkali, when it 
may be heated as above. 

The addition of phenyl isocyanate produces the urea derivative 
(see pi 167). 

Some amides are difficult to hydrolyse with any of these reagents, 
tn such cases they must be heated with the acid in a sealed tube at 
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350° or converted into the ester by gently heating with a mixture 
of one volume of cone, sulphuric acid and two volumes of ethyl 
alcohol, when the ester of the acid and ammonium sulphate will be 
formed. The ester can then be separated by adding a little water 
and extracting with ether, and can be hydrolysed and the organic 
acid identified (see p. 97), whilst the aqueous solution, after driving 
off dissolved ether, will give the smell of ammonia or amine on 
warming with excess of alkali. 

Amides are also decomposed by nitrous acid and evolve nitrogen 
(p. 332), and a similar evolution of nitrogen occurs with sodium 
hypochlorite (p. 332). 

3. Contains Halogen* — It may be a halogen acid chloracetic 
acid) or its salt, or the hydrochloride of a base or ammo-acid, or a 
substituted aldehyde (chloral, butyl chloral). If it is a free halogen 
acid, the solution will have an acid reaction, and will remain 
clear on adding caustic soda. If it is the hydrochloride of a 
base, it will give a precipitate with AgN03, and the addition of 
caustic soda will cause the base to separate (if insoluble) as solid or 
liquid, or, if the base is volatile, will produce a strong ammoniacal 
smell. The further examination of the base is the same as that 
described on p. 483. Acid chlorides are usually insoluble in 
water, but rapidly decompose, and may pass into solution as the 
free acid, giving at the same time free hydrochloric acid. 

4, Contains Sulphur. — It may be the sulphate of a base^ in which 
case the solution will give a precipitate with barium chloride, and 
the process of examination is that described on p. 483. Heat 
with dilute hydrochloric acid. The bisulphite compound of an 
aldehyde or ketone will be decomposed and sulphur dioxide e\^olved. 
An alkyl acid sulphate will also be decomposed, and free sulphuric 
acid will be found in solution (see Reaction 2, p. 58). Distil with 
dilute sulphuric acid, and test the distillate for volatile aldehyde or 
ketone. /)-Bromo- and /)-nitro-phenylhydrazine are useful reagents 
(see § I> i). An acid ester of sulphuric or sulphurous ai id will also 
be decomposed by dilute sulphuric acid, and the distillate may be 
tested for an alcohol. If it is an aromatic sulphomc acid^ it may be 
distilled in steam with the addition of cone, sulphuric acid, when 
the hydrocarbon will distil (p. 280), or fused with caustic potash, 
when the phenol will be obtained (p. 205). Thiourea will also 
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appear under this head, and should be looked for. Heat a little 
of the substance to the xnelting-point for a minute, and test for 
thiocyanate with HCl and FeClg. 

§ IL SINGLE SUBSTANCES, INSOLUBLE OR SLIGHTLY 
SOLUBLE IN HOT OR COLD WATER.— This category includes 
the majority of organic compounds. 

X. Contains only Carbon and Hydrogen, or Carbon, Hydrogen, 
and Oxygen. 

Liquids. — It may be a hydrocarbon (paraffin, cycloparaffin, olefine, 
aromatic) higher alcohol (e.g., amyl alcohol), aldehyde benz- 
aldehyde), ketone (e.g., acetophenone), acid (e.g., valeric acid), ether, 
ester, phenol (e.g., carvacrol), phenol ether (e.g., anisole). 

Hydrocarbons. — The action of sodium when testing for the ele* 
ments will already have indicated the hydrocarbon by its inertness. 
The immediate decolourisation of bromine water or, l^ettcr, a 
solution of bromine in carbon tetrachloride, will identify it as an 
unsaturated hydrocarbon. Further, a dilute solution of p)erman- 
ganate made alkaline with sodium carbonate will be decolourised 
on shaking. A paraffin may be distinguished from an aromatic 
hydrocarbon by treating the liquid with a mixture of concentrated 
sulphuric and nitric acids (p. 157). The product is then poured 
into water. If it sinks as a yellow liquid or solid it is probably 
a nitrO'Compound and the original hydrocarbon is aromatic. If 
it floats unchanged on the surface of the water, it is probably a 
paraffin or cycloparaffin. An aromatic hydrocarbon also dissolves 
in fuming sulphuric acid on warming and shaking and does not 
separate on pouring the solution into water. A paraffin or cyclo- 
paraffin is unacted on and separates on the surface. Dimethyl- 
sulphate dissolves the aromatic hydrocarbons hut not the paraffins. 
Some of the aromatic hydrocarbons combine with picric acid, form- 
ing coloured compounds when warm saturated solutions in glacial 
acetic acid aremi^ed. Naphthalene picrate is yellow (p. 270), the 
phenanthtene compound orange and that of anthracene red, &c. 
There is also a marked difference in the smell of the three classes of 
hydrocarbons. 

Higher Alcohols and PhenoL — ^The substance will react with 
metallic sodium yielding hydrogen, with phosphorus pentachloride 
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giving HO. It can be identified by its boiling point and by the 
b.p. or m.p. of the benzoic or /)-nitrobenzoic or 3 : 5-dimtrobenzoic 
ester, or it may be converted with phenyl isocyanate into the 
urethane (see p. 55). In the case of a phenol it may possess a 
phenolic smell and also give a distinctive colour reaction with 
FeOg (p. 206), 

Aldehydes and Ketones , — The usual tests are applied (pp. 73, 80). 

Acids , — The number of liquid, insoluble acids is very limited and 
is confined to the aliphatic series. They possess distinctive b.p/s 
and smells and dissolve readily in a solution of sodium carbonate. 

Ethers and Phenol Ethers have usually a pleasant odour, and if 
the methyl or ethyl ether is present, are decomposed on heating 
with strong hydriodic acid. The evolved gas passed into alcoholic 
silver nitrate will give a precipitate as in ZeiseFs method (p. 281), or 
into dimethylariiline will give the solid quaternary iodide (p. 177). 

Esters possess a fruity smell and usually distil without decomposi- 
tion, T3oil with reflux for 5 minutes on the water-bath a few c.c. 
of the liquid with 3 to 4 volumes of a 10 per cent, solution of caustic 
potash in methyl alcohol and pour into water. Notice if the liquid 
dissolves and has lost the odour of the ester. An ester will be 
completely hydrolysed, and if the alcohol is soluble in water a clear 
solution will be obtained. Jf the alcohol is volatile and the solution 
neutralised with sulphuric acid and evaporated on the water-bath, 
the alkali salt of the organic ac'id mixed with potassium sulphate 
will be left and the acid may be investigated as described under 
§ 1. If it is required to ascertain the nature of the alcohol in the 
ester, hydrolysis must be effected with a 20 per cent, aqueous 
solution of caustic potash (iKOIl : 4IT2O). Then distil the liquid, 
using a thermometer. The alcohol, if volatile, will pass into the 
receiver, w^hilst the acid remains as the potassium salt in the vessel. 
The boiling-point will give some indication of the former. The 
distillate should be fractionated and dehydrated with solid potassium 
carbonate. Its boiling-point and that of the benzoic or /)-nitro- 
benzoic ester is then determined (pp. 243. 255). If the alcohol is 
non-volatile it may be extracted from the alkaline liquid by ether. 

^ The quickest way of preparing this solution is to dissolve the alkali 
in an equal weight of water and then dilute with the alcohol to the 
approximate strength. 
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Glycerides * — If the substance is a liquid fat or oil (i.e* non-volatile^ 
which decomposes on heating, turning brown and evolving the 
smell of acrolein), then the hydrolysis is effected with methyl- 
alcoholic potash as described. After hydrolysis, the alcohol is 
driven off on the water-bath, the residue dissolved in water, and the 
organic acid set free with hydrochloric acid. The acid, if solid, is 
filtered, if liquid extracted with ether, or if soluble and volatile 
(butyric acid), distilled and the remaining liquid neutralised and 
evaporated to dryness. The glycerol is then extracted with alcohol 
and the alcoholic solution evaporated on the water-bath. The tests 
for glycerol may then be applied (p. 129). The following is a table 
of common insoluble liquids with their boiling-points and specific 
gravities. Where the temperature is not indicated the specific 
gravity has been determined at 


Organic Liquids, Insoluble in Water. 
(Containing C and 11 or C, If, and 0.) 



Doihug- 

pomt. 

Sp. gr.. 

t. 

Hydracarbom — 




n-I\*ntane \ / 

39 

0'626 

17 

* Present in Petrol, IVtroleum f 
-ther, .nd Ugro.u -, ! 

30 

72 

97 

0 633 
0-()90 

0-712 

H 

20 

x6 

«-Octane ) ‘ 

124 

0-708 

T2 

Petroleum {lamp oil) 

I 20(, 

( 0-803 

1 0-822 

Amer. 

Russ. 

t-Amylene 

35 

0-680 


Benzene (p. 15U 

80 

0-880 

20 

Toluene (p. 184) 

no 

0-865 

20 

Ethyl benzene (p. 1 5b) 

136 

0-867 

20 

o-Xylene 

142 

0-865 

20 

*»- „ 

139 

0-863 

20 

^ 

138 

0-869 

20 

Cumene (Isopropyl benzene) 

1^2 

0-88.) 

— 

PseUfdociimene 

166 

0-861 

— 

Mesitylene 

164 

0 855 

20 

Cymene ! 

175 

0-853 

20 

Turpentine oil (Piiiene) 

1 55—^ bo 

( 0-865 

1 -0.870 


Lemon oil (Limonene) ' 

176 

/ 0-858 
C-o-BOi 

— 



0 - 8 I 2 

0-830 


f .Amyl (p. 79) 

Octyl 

131 

190 

20 

16 

Linalol . 

198 

0-868 

15 

Benzyl (p. 229) 

206 

*•043 

20 





Paraldehyde (p. 74) 

124 

0*090 

20 

Citral 

229 

0-897 

— 

BenmJdehyde (p. 231) 

Cuminaldebyde 

179 

237 

t -045 

0-983 

20 
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Organic Liquids, Insoluble in Water ( continued ). 



Boilmg 

point. 

Sp. gr. 

t. 

Aldehydes (contiimed) — 

Aiiiaaldehyde 

2.^8 

1*122 

20 

Cinnamic aldehyde 

220 

1-049 

20 

Salicylaldehyde (p. 219) . . . . . . . . 

196 

3*122 

20 

Ketones — 




Methyl nonyl ketone 

22^ 

0-829 

17 

Acetophenone (p. 2 57) (m. p. 20®) 

200 

1-023 


Mesityl oxide (p. 84) . 

130 

0*848 

23 

Carvone 

224 

0*953 

15 

A ads — 




»i'Valeric(p. 77) 

181 

0-94 7 

— 

Caproic 

205 

0*945 

— 

A nhydades — 




Acetic (p. 86) 

138 

I *08 

15 

Phenols — 




Phenol (p. 205) ( m.p. 43") 

182 

1*070 

20 

o-Cre&ol (m.p. si'*) 

1 91 

1*037 

20 

w- „ 

302 

1*033 

20 

p. ,, (p. 186) 

202 

1*033 

20 

Giiaiacol (m. p. 30'" 

205 

1-12 

— . 

Carvacrol , 

236 

0*985 

15 

Eugenol 

248 

1*09 

18 

Isoengenol 

267 

i‘o8 ' 

16 

Ethers and Phenol FAhers — 




Ethyl ether (p. 65) 

35 

0*713 

15 

Amyl 

t76 

o-8oo 

— 

Methylal 

42 

0-850 

20 

Aeetal 

104 

0-831 

20 

Anisole 

154 

0-988 

20 

Phenetole 

172 

0-973 

15 

Anethole 

233 

1*922 

20 

Safrole 

232 

1-114 

— 

Esters — 




Methyl formate 

32 

o-ejoo 

— 

„ Acethto 

S 7 

0*904 

20 

„ propionate 

„ butyrate 

79 

102 

0*937 

0*896 

20 

„ «-valerate 

117 

0*879 

20 

„ succinate 

198 

1*126 

15 

„ tartrate 

280 

1*340 

— 

„ U*nroate 

199 

i*o86 

20 

„ salicylate 

224 

I 182 

— 

Ethyl formate 

54 

0-906 

20 

„ acetate (p. 96) 

77 

0*900 

20 

„ acetoacctate (p. 98) 

181 

— 

— 

„ propionate 

„ butyrate 

99 

3 20 

1*029 

0-896 

20 

„ n-valerate (p. 78) 

H 5 

0-889 ! 

20 

„ oxalate (p. 125) 

186 

0-866 

20 . 

„ malonate (p. 116) 

198 

i-o8o 

20 

„ succinate 

2lO 

1-076 

— 

„ tartrate (p. 139) 

dec omp. 

1-072 

— 

,, Iwiijxiate (p. 25s) 

213 

1-047 

20 

„ salicylate 

227 

1-184 

— 

M- Propyl formate 

f. ,, ,, 

81 j 

71 ' 

0*918 

0*882 


H- „ acetate . 

10 1 

0-885 

20 

„ propionate 

122 

0-901 
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Organic Liquids, Insoluble in water (contivimd). 


Ei,ters (continued) — 
M- Propyl butyrate 
„ benasoate 
n-Butyl fonnate . 


acetate 


*- „ propionate 
„ butyrate 
„ »-valerate 
f-Ainyl formate 
acetate 
propionate 
butyrate 


„ $-valerate . 

„ l)enroate , . . 

,, salicylate . . . 

Glyceryl tnacetate . . 

„ trioleate . . , 

Phenyl acetate 
Benzyl acetate 

„ benzoate (m.p. to'-) 


BoiliUg- 

poJnt. 

Sp. gr. 


M 3 

0*893 

_ 

229 

1-031 

— * 

107 

0-910 


98 

0-900 


125 

0-866 


136 

0-887 

— 

M 7 

0-887 

— 

169 

0-873 

— 


0'88o 

20 

139 

0-856 

20 

160 

0-887 

— 

178 

0-882 

— 

ic>o 

0-870 


261 

1*004 

— 

270 

— 

— 

258 

1-155 

— 

decomp. 

0-91 

— 

19^ 

1-093 

__ 

206 

1-057 

lb 

323 i 

I-H4 

— 


Solids.— It may be a hydrocarhon paraffin wax, naphthalene), 
higher alcohol (e.g,, cetyl alcohol); aldehyde (e.g,, />-hydroxybenz- 
aldehyde), ketone and quin one (e,g.^ benzophenone, camphor), acid 
(higher fatty, e.g., palmitic acid or aromatic acid), (of glycerol, 
phenols or aromatic alcohols), phenol (c.g., thymol). 

The process of investigation is similar to that described in the 
preceding section. 

Acids . — A free acid may be at once identified by its solubility 
in a solution of sodium carbonate and by being reprecipitated by 
concentrated hydrochloric acid. If a metal has been discovered 
in the preliminary examination, a careful examination must be made 
for an organic acid. As the substance is insoluble in water the metal 
will probably not be an alkali metal. Boil the substance with 
sodium carbonate solution. The sodium salt of the acid passes into 
solution and the metallic carbonate js precipitated. Filter; boil 
the filtrate with a slight excess of nitric acid, add excess of ammonia 
and boil until neutral, tests may then be applied in order to identify 
one of the common acids and the m.p. determined ; the acid may 
also be identified by conversion into the ^-nitrobenzyl ester 
as described on p. 242 (see also p. 503). Beyond this it is impossible 
to carry the investigation in a limited time. 
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Insoluble Soiids. 
(Containing C and II, or C, 11, and 0.) 



Melting- 


Melting- 


IX)Ult. 


pomt. 

Hydroembom — 


A cuts (contmued) — 


Paraffin wax 

4'i-"6o 

0 Hydroxybenzoic (p 223) . 

X55 

Naphthalene (p. 270) . . 

80 

m- „ (p 244) , 

200 

Anthracene (p. 287) . , . 

2x3 

P- . 

210 

Pbenaiithrene .... 

09 

Acetvl sahcylir (aspirin) 


Stilbene 

X25 

(P 225) 

138 

Camphene (p. 292) . . . 

*>1—52 

Ani«ic 

184 


o-lolui( ..... 

102 

Alcohols — 


w- „ ... 

no 

Cetyl alcohol .... 

“jo 

t *» CP 103 ) .... 
Phtnyl acetic 

179 

Menthol .... 

42 

76 

Tnnheiii Icarhmol (p 263) . 
IsoDonieol (p. 293) . . . 

139 

0 PhthaJic (p 270) , 

200 

2X2 

m- „ (isophthahr) 

subl. 

Cholesterol (p. 318) . . . 

I4S 

p- „ (terephthalir) 




(P 193) 

,, 

Aldehydes - 




Vanillin 

81 

A nhvdrtdes — 


Ihperonal ...... 

37 

Benzoic 

42 


Phthahe (p 270) . . 

128 

Ketones — 




Bfnzopheuonr* .... 

48 

Phenols — 


Bcnzil (p 246) .... 

0 ‘) 

0 Cresol ] 

31 

Benroiri (p 246) . . . . 

137 

p- .. (p 18b) .... 
Thymol . . 


Benzalacetoiie (p 240) . 

30 

50 

Camphor (p. 294) . . j 

X75 

a Naj)hthol 

05 


^ ,, (p 280) . . 

122 

Qmtxones — 


Esters— 


Benzoqumone (p. 226) . 

116 


a-Naphthaqumoue , . . 

12s 

Methyl oxalate (p 124) 

Cetyl palmitate (Spf rniaceti) 

H 

|3- M 

113- 120 

5^ 

Anthraquinonc (p. 287) . 

docomp, 

2«0 

Mym yl palmitate ^H«*eswdx) 
Glyceryl tnpalmitate (f^al 

62— ’65 

Phenanthraepunone , . 

203 

mitin) (p 31 3) 

62 


Glyceryl tristearate {*>teann) 

71 

A cuts— 


Phenyl ben/oate 

1 bg 

Palmitic (p. 31 3) ... 

62 

„ salicylate . . 

Benzyl liciizoate 

43 

Steam 

6q 

21 

Benzou (p 241) .... 

122 

„ salicylate 



2. Contains Nitrogen. 

Organic base . — If it is a base or amine, amino-phenol or amino- 
acid, it will probably dissolve in dilute hydrochloric acid and yield 
a chloroplatinate with platinir chloride. Some aromatic bases like 
diphenylamine are not very soluble in dilute acids. If the amine is 
a liquid it should be converted into a solid amide as follows : add 
drop by drop to the amine, benzoyl chloride and shake well ; pour 
into water, add a little sodium carbonate solution to decompose the 
excess of benzoyl chloride and when the smell of the latter has 
disappeared, filter, recrystallise from water or dilute alcohol and 
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determine the melting-point (p. S3). Tertiary amines do not 
combine (see below)* Amino-phenols and acids may be extracted 
with ether from an acid solution to which ammonia has been added 
till faintly acid and then sodium acetate. Many aromatic amino- 
compounds and amino-phenols give quinones on oxidation with 
potassium diehromate and sulphuric acid, having a characteristic 
smell (p. 226). Most of the common alkaloids when dissolved in 
hydrochloric acid (avoid excess), give a brown amorphous precipitate 
with iodine solution and respond to other general reactions for the 
alkaloids (see p. 463). To identify the individual alkaloid, special 
tests must be applied. 

Primaty, secondary j and teritary amines may be distinguished as 
follows : To a solution ol the base in dilute hydrochloric acid add a 
few drops of sodium nitrite solution. In the case of primary 
aliphatic amines, a rapid evolution of nitrogen will at once occur. 

A primary aromatic amine at first gives a clear solution of the 
diazonium salt, which evolves nitrogen and turns darker on warm- 
ing. The effervescence, due to the liberation of nitrous fumes, is 
esily distinguished from that of nitrogen, which goes on unin- 
terruptedly, even when the liquid is removed from the flame. After 
the solution of the diazonium salt has been dec omposed by warming, 
the phenol which has been produced may be extracted with ether, 
the ether evaporated, and the phenol identified by special tests. 
A solution of the diazonium .salt, when poured into a solution of 
p-naphthol in caustic soda, will usually give a red azo-colour. The 
original amine, if liquid, may sometimes be identified by warming 
with a little acetyl chloride and converting it into the solid acetyl 
derivative, which is recrystallised and the melting-point deter- 
mined (see Reaction 3, p. 88), 

In the case of a secondary base, the above treatment with hydro- 
chloric acid and sodium nitrite will give an insoluble nitrosamine 
(liquid or solid), which is frequently yellow. It may be separated 
by ether and, aifter removing the ether, tested by Liebermann’s 
nitroso-reaction (see Reaction 4, p. 206). Nitrous acid has no 
action on tertiary aliphatic amines, but forms nitroso-bases with 
tertiary aromatic amines (see p. 177), which dissolve in water in 
presence of hydrochloric acid, with which they form soluble hydro- 
chlorides. Weak bases like the nitranilines, which are coloured. 
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form colourless hydrochlorides with cone. HCl (p. 173). Tertiary 
amines also combine with methyl iodide on warming (see Reaction, 
p. 177), but not with aCetyl chloride. Primary amines give the 
carbamine reaction (p. 166), and unite with carbon bisulphide 
(p. 180). 

A further method of distinguishing between the three classes of 
amines is by converting them into the benzene-or ^-toluene-sulphon- 
amide by the action of the corresponding chloride (p. 205). The 
primary amides combine with and dissolve in a solution of caustic 
soda; the secondary amines combine, but do not dissolve in the 
alkali; the tertiary amines do not enter into union with the acid 
chloride. Consequently if the product of the reaction is shaken 
with ether, the primary amine remains as sulphonamide in solution, 
the secondary amine passes into the ether as sulphonamide, whilst 
the tertiary amine may be removed from the ether layer by shaking 
with dilute HCl. 

Oximes . — It should be remembered that oximes act as bases as 
well as acids, and dissolve in both caustic alkalis and acids. On re- 
duction in acid solution (with tin or zinc) they yield amines (p. 259)- 
On boiling with strong hydrochloric acid they are hydrolysed and 
are converted into the original aldehyde or ketone and hydroxyl- 
amine. Similar reactions occur with hydrazones and semi- 
carbazones. 

Cyanides and Amides are hydrolysed by caustic potash (aqueous 
or, better, alcoholic), cone, hydrochloric or sulphuric acid as 
mentioned previously under § I, 2. It should be mentioned that 
some amides arc attacked only with difficulty, and must then be 
treated as described on p. 484. 

N itro-comfounds are frequently yellow or orange in colour. 
Heated with stannous chloride in cone. HCl or zinc dust and glacial 
acetic acid they dissolve and remain in solution on the addition of 
water. The base which is thus formed may be separated by adding 
an excess of caustic soda until the metallic oxide dissolves and then 
shaking out with ether. When the ether is removed, the base 
remains. If liquid, the base should be converted into the acetyl, 
benzoyl, />-nitrobenzoyl, &c., derivative by warming with the acyl 
chloride for a few minutes and pouring into water. The free base 
or solid acyl derivative, as the case may be, should be recrystallised 
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ami the melting-point determined. It can also be diaa^tised and 
coupled with p-naphthol (p, 184). 

Alhyl Niirates are hydrolysed like other esters^ and yield alcohol 
and nitric add (p. 377). They often detonate when dropped on to 
hot metallic sodium. 

Nitra-phenols and Nitro-acids dissolve in caustic alkalis as a rule 
with a deep yellow or orange colour. On reduction with stannous 
chloride or zinc dust, as described above, they yield the colourless 
amino-derivatives. In the case of the amino-phenol, the solution is 
made alkaline with caustic soda, saturated with COg, salt added and 
extracted with ether. In the case of the amino-acid, the method 
used is that described under Prep. 122 (p. 244). 

A%o- and Azoxy- compounds. Both classes of compounds are 
usually highly coloured and are rapidly decolourised by warming 
with a solution of stannous chloride and hydrochloric acid or 
sodium hydrosulphite, Na2H204, forming amino-compounds (see 
Reactions, pp. 201, 203). 


Insoluble Substances ^ 
(Containing C, H, and N, or C, H, O, and N,) 



Melting 

point 

BoUing 1 
jioint ] 


Meltmg- 
1 OJllt 

Boil mg* 

JiOlllt 

(primary)— 


1 

(pninai>), (cont ) 



Aniluu* (p ) 

— 

182 

0 Tolidine 

128 


o-Nitraniiinc (p 171) 

71 

— 

o-Phenylenediammt . 

102 

— 

w- „ (p 175) 

114 

— 

m- ,, 



P- „ (P 173 > 

147 

— 

(p 175) . ■ • 

b 3 

— 

0 Chloraiuline 

— 

207 

p- Pheri y le nediamine 

147 

267 

w- „ , . . 

— 

230 

p Dimet h y Ipheri> iene 



P‘ 

70 

2^0 

diamine (p 201) . 

41 

— , 

o-Bromanilme 

31 

251 

Phenylhydra/me (p 



Wl- „ . . 

18 

251 

196) .... 

23 

241 

/>- (P 171) 

63 





o-Toluidme , . . 


197 

Bases (secondary) — 



f«- ,, .... 

— 

199 

Methylaniliue . . 

__ 

191 

P' V • • • ■ 

4 'i 

198 

Ethyianllme . 

— 

20 G 

i-3*4-Xylidine . . 


315 

Ben/ylandme 


298 

i-2*4-5-Cumidine 

68 

234 

nipheijylamine (p 1 79) 

54 

310 

/^rHydroxyamluie ip- 



Meth y Idiphenylarnme 


292 

aminophenol) (p 



Phenyl naphthyl- 




184 

— 

amine .... 

108 


o-Anisidine . . 


220 

Piperidine 

— j 

105 

jt>- „ ... 

57 

243 

Conine .... 

— 

166 

oPfaenetidine , . . 

— 

228 




„ (p. 213) 

— 

254 

Bases (tertiarv)— 



«-Naphtbylamine 

56 

300 

1 DimethylawUine 




J12 

300 

1 (p. 176) . . . 


192 

Benzidine (p, 163) . 

127 


, Dicthyiaiiiiinc . . 


213 


^ A more complete list of b.p.’s and m p.'s is given m the tables on pp 500 — mb. 
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Insoluble Substances ( continued ). 


Ba%es (tertiary), (rout ) 
Dimethyl o-tolmdme 
»» P‘ n 
a Ihtohne . , . 

Quinoline (p, 298) 
Antipyrme 
The alkaloids . . 

Amtmphenoh — 
p Ainiaophcnol (p. i6«i}] 
o Methvlarainophenol 
(Metol) . . . 

P Methylammophenol 
(Ortol) . . 

2:4 Diamuiophenol 
(Amidol) . . 

Cyanhydnm, and 
Ox%*ne%— 

Ben/aldehyde cyan- 
hydrin (p 251) 
Acetoxime (p 82) 
tt-Beuz.aldoximc (p 

239) • ... 

/3 Uerizaldoxirae (p 

239) • . 

Ac-e tophenoneoxime 
(p. 258) . . 

Cyanides and 4fnuics~~ 
Succinamidi* . 

Phenyl cyanide 
p-IVilyl cyanide (p. 

igD 

Bfn/yl cyanide (p 230)] 
Oxamide (p. 124) 
Ben/amide (p. 255) . 
Hydrolienzaniide (p 

233) ; • • • 

Salu vlamide . 
I'ormamlidi' . 
Acetanilide (p 169) 
Methylacetanilide 
1‘ropionamhde 
Benzamlide . , . 

Oxaiiilide 

o-Acxtotoluide . . 

p- „ 

Phthalimide (p. 271) • 
Dipbenylurea . . 

Tnphenyl guanidine 
(p. 181) . , . 

a- A ce tnaphthalide 

Anttno-aads — . . . 

Hippunc acid (p. 344) 
Uric acid .... 
Anthramlic acid (p. 

272) 


Melting. 

point 


184 

87 

85 

deioinp. 


130 

t>o 


38 

dec omp 


no 

T42 

4<) 

112 

102 

92 

103 

245 

no 

153 

233 

235 

M3 

159 

132 


187 

dccomp. 


Boilmg- 

poiut 


183 

208 

129 

239 


decomp 


dec omp 
191 

218 

232 



Meltuig- 

pomt. 

Boiling* 

pomt. 

imino acids (continued) 
Phenylalanine (p 345) 

263 


N itro-compounds — 




Nitromethane (p. 109) 

— 

102 

Nitrobenzene (p. 157) 


210 

w-Dimtrobenzene (p. 

174) 

90 


rnmtioben/enc . 

122 

— 

o*Nitrololueiie 


223 

m* ,, . . 

— 

230 

P „ 

54 

238 

I 2 4-Dinitrotoluene . 

71 

a Nitronaphthalene 

61 


V Nitracetanilide(p 171) 

92 

— 

/>- M (P 173) 

207 

— 

V ttrophenol s, A idehydes 
and AcJt^s — 

0 Nitropheuol (p. 211) 

45 


m- ,, 

96 


P (P 21 1) 

J iinitrophenol (p 21O) 

114 


II4 


1 rmitrophenol (p 214) 

122 

— 

p Nitroanisole (p 212) 

54 

— 

m Nitiolieii/'aldehvde 

58 

— 

0 Nitrobenzoic acid . 

148 

— 

m- ,, ,, 


— 

(P 244) . . . 

141 

— 

/)-Nitroi)en/oic and 
(p 242) . . 

238 



I 2.4'Duutrot)enzoic 
and 

179 



I 3:s 1 hnitrobenzoic 
and . 

205 


Ntlroso-cotnpound s — 
p Nitrosodimethyl 



aniline (p 177) 

85 


p Nitiobodiethyl 
aniline . 

84 



a Nitrc)i»o-/3 naphthol 

loO 

— 

ilkyl Nitrites and 
Nitrates — 

Lthyl nitnte . . . 


16 

,, nitrate . 

— 

86 

Amyl nitnte (p 79) 

— 

99 

„ rntrate . . 

— 

M7 

Axo- and A zory -com- 
pounds — 

Azoxybf nzene (p 1 59) 

3^> 


Azobcnzene (p. 160) 

68 


Hydrazobeiizene (p. 
1(>2) .... 

125 

— 

Diazoarninolxmzcne 
(p 194) .... 

98 

— 

Aminoazobeiizene 
(p. 195) .... 

127 

— 
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• 3* Contains Halogon.-— 'Halogen compounds may be alkyl, 
ulkylem, aryl or add kalides or kdogen adds (e.g,, ethyl bromide^ 
ethylene bromide, bromobenzene, benzoyl chloride, or chloro- 
benzoic acid). 

Alkyl, Alkylene and Aryl Halides are usually liquids or solids 
specifically heavier than water and with a sweet penetrating odour, 
or if aromatic compounds substituted in the side-chain, they have a 
sharp penetrating smell and attack the eyes. They are for the most 
part colourless, but the bromine and iodine compounds usually 
acquire a brown colour on standing. Iodoform is naturally yellow. 
In the case of alkyl and alkylene halides and aromatic compounds 
substituted in the side-chain, alcoholic silver nitrate will, on warm- 
ing, yield silver halide. Stroiig methyl-alcoholic potash will, with 
the same compounds, produce olefines and acetylenes (p. 371). The 
experiment should be tried with the apparatus Fig. 100, and the gas 
collected and tested. The residue will contain the sodium halidci 
Aromatic compounds substituted in the nucleus are not, as a rule, 
acted on by these reagents unless nitro-groups are also present; 
many of these react with magnesium in presence of dry ether 
(p. 252). Aromatic compounds substituted in the side-chain are 
oxidised by permanganate on boiling and give benzoic acid or its 
derivative. 


Insoluble Substances. 

(Containing C, H and halogens or C, H, O and halogens ) 



Melting- 

Boibng- 


Melting- 

Bolling 


point 

point 


point 

I>oint. 

Alkyl ^ Alkylene, and 



Alkyl, Alkylene, and 



Aryl Hahdes — 



Aryl Halules (ton 



Metb vl iodide (p 75) . 
Ethyl bromide (p 59) 

— 

43 

tinned) — 



-w- 

3 » 

AUyl bromide . . 

— 

71 

Ethyl iodide (p 64) . 

— 

72 

„ iodide . . 

*— 

10 r 

w-Fropyl chloride 

— 

44 

Methylene chloride . 

— 

41 

,, bromide 


71 

„ bromide 

Etbylcne chlonde . 

— 

08 

„ iodide . . 


102 

— 

84 

*- „ chloride 


3 h 

Ethybdene ,, 

— 

58 

bromide 

— 

60 

Itthylcne bromide (p. 



„ iodide . 

«-B«Wjehlor?de . . 

bromide (p 76) 

z 

89 

77 

Et&ylidene bromide . 

— 

t 3 i 

loy 


too 

Chloroform (p. 80) . ; 

— 

61 

” iodide I 


iy> 

Bromoform . . . j 

— 


cWonde , . 

— 

68 

Iodoform . . . 

119 


] ^ bromide , 


92 

Carbon tetrachloride . 


76 

. X kxlide 


J20 

Glycerol dicbloro- 


chloride . . 
bromide . . 


too 

hydrin (p. 135) . 


176-182 

— 

120 

Benryl ( blonde (p. 228) 


179 

,, iodide . . . , 

' • i 

i 

US 

Benzal „ . . 


213 
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Insoluble Substances {continued). 


Alkyl, Alkylene, and 
Aryl Hmdes (con- 
tinued) — 

Benzotrichloride . . 

Chlorobenzene (p. 154) 
Bromobeuzene (p. 155) 
lodobenzene . . . 

o-Dichlorobenzcne 

^riphenylinethyl 
chloride (p. 264) . 

o-Dibroxnobenzene . 
P- 

Dinitrochlorobenzene 
(p. 215) .... 
o-Chlorotoluene . 

P- W (p. 187) 

o-Bromotoluene . 

w- ,, . ^ 

P- „ (p. 189) 

a-Chloronaphthalenc . 

a Bromonaphthalene . 
/5 

l^nene hydrochlonde 
(p. 291) .... 


Melting- 

point. 

Boiling- 

point. 


Melting- 

point. 

Boiling- 

point. 



Phenols — 





Trichlorophcnol . 

68 

— 



Tribromophenol . . 

95 


___ 

213 





132 





155 

Acid Chlorides — 



— 

188 

Acetyl chloride (p. 87) 

— 

55 

— 

179 

Benzoyl „ (p. 254) 

— 

198 

53 

173 




no 



Acids — 



— 

225 

o-Chlorobenzoic . 

137 



89 

218 

m- ,, . . 

158 

— 



P- M (P- »88) 

236 

— 

53 

— 

o-Bromobenzoic . 

147 

— 


157 

w- „ (p. 245) 

155 

— 

— 

160 

P' u • • 

251 

— 

— 

160 




— 

182 




— 

184 

Cstefs — 



28 

185 

Methyl chloroformate 

— 

71 

— 

263 

„ chloracetate , 

— 

130 

56 

265 

„ bromacetate . 

— 

144 


279 

Ethyl chloroformate . 

— 

94 

59 

282 

„ chloracetate (p 





107) 

— 

143 

120 


Eth>l bromacetate . 

— 

159 


Acid Chlorides and Bromides are also specifically heavier than 
water, but reveal their presence by fuming in moist air. They are 
decomposed by water more or le?s rapidly, and give the correspond- 
ing acid and halogen acid, which may be tested for. They are 
also acted on rapidly by strong ammonia or other base (aniline)^ 
and give the amide, the melting-point of which may be ascertained 

(p- 503)- 

Halogen Acids and Esters , — Most of the insoluble halogen acids 
belong to the aromatic series, and have a definite melting-point. 
For further confirmation, they may be converted into the acid 
chloride and amide. Insoluble esters containing halogens may 
belong to both series, and the acid and alcohol must then be 
separated and separately investigated. 

4. The following among the more common organic substances 
contain sulphur or sulphur and nitrogen in addition to carbon, 
hydrogen and oxygen. Alkyl and aryl thiocyanates can be identi- 
fied by conversion into thioureas (p. 332 ) . Aromatic sulphonamides 

COHEN 's P. 0. C. K K 
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of primary amines arfe soluble in caustic alkalis (p. 428). They also 
yield crystalline compounds on gently warming with sodium hypo- 
chlorite solution, when the amide first dissolves and on cooling 
crystallises (p. 205). 


Insoluble Substances. 
(Containing C, H, and S, or C, H, O. S, and N*) 



Melting 

Boiling- 


Melting- 

Boiling 


X>ohit 

pmnt 


point. 

point 

hulphtdes — 



ThwcyanaU ^ — 



AUyl sulphide 

— 

140 

AUyl thioc> anate 

— 

151 

Benzyl „ . . . 

49 

— 

Phenyl ,, 



Cystine (p. 3^1) . . 


— 

(p. 181) .... 

— 

222 

Suiphmtc Acttls ~ 
Sulphobeii/oic acid . 
Sulphanilic atid {p 

199) 

Naphthionk at id 
|8-Naphthylamine sul- 

dccomp 

: 

7 htoantidi ', — 
Thiocarbamide (p 332) 
lliiocarbajulide (p. 

180). 

151 


plionic at id 


— 

Sulphomc chlorules — 



^Naphthylamine di 



Benzene sulpliotut, 

__ s 

251 

sulphonic acid 


— 

chlondc (p 204) 

1 

decora p. 

R atid , . . 


— 



1 

G „ ... 



^ulphonamiJes — 


I 

SulpkaUs— 



Benzent siilphonamide 



Methyl sulphate (p. 



(p 205) . 

1-56 

— 

362) . ... 

— 

187 

Be nzenesulphonauilidt 



Ethyl sulphate , . 


208 

(P- 205) . 

110 

Lz_ 


Mixtures. — A preliminary investigation carried out as described 
on p. 473 will determine roughly if the substance is a mixture. 
Before proceeding to identify the substances present, it is essential 
that they should first be separated. Tliis may be a Jong and 
difficult operation, but the following methods may lead to the desired 
result. 

If the substance cannot be satisfactorily separated by fractional 
distillation (if a liquid) or by crystallisation (if a solid), shake with 
caustic lioda solution. This will dissolve the acid or phenol, and the 
insoilll^le constituent may be removed mecdianically or, if volatile, 
b# distillation in steam, by extraction with ether or, if solid, by 

Add and Phenol, if present together, may be separated by 
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adding sodium bicarbonate in excess and extracting with ether, or 
by dissolving in caustic soda solution, saturating with carbon 
dioxide and then extracting with ether. The ether extracts the 
phenol, which is insoluble in sodium carbonate, leaving the acid. 

Ester } Ether and Hydrocarbon may be separated by hydrolysis, 
which decomposes the ester, but not the ether or hydrocarbon. 
Ether and hydrocarbon may be separated by adding cone. HCl, in 
which the former is soluble. 

Paraffin and Aromatic Hydrocarbon may be separated by the 
action of fuming sulphuric acid, which forms the sulphonic acid 
with the aromatic hydrocarbon. The product is poured into water. 
The sulphonic acid dissolves readily in water, whereas the paraffin 
is insoluble. Methyl sulphate may also be used for dissolving the 
aromatic hydrocarbon. 

Amine or Base may be separated from the majority of insoluble 
organic substances by shaking it with dilute hydrochloric acid, with 
which it forms the soluble hydrochloride. 

Aldehyde or Ketone may be separated from the other constituents 
by shaking the liquid, which should be free from water, with a 
saturated solution of sodium bisulphite, and decanting or filtering 
the liquid residue. If the liquid is soluble in water, like ethyl 
alcohol, it may precipitate the bisulphite of sodium. This is 
prevented by adding a little ether before introducing the bisulphite 
into the liquid. 

In separating two liquids in a test-tube, for example, an ethereal 
from an aqueous solution, either the ether may be decanted or it 
may be desirable to withdraw the lower aqueous layer. This is 
done either by using a small separating funnel or by sucking the 
liquid into a small pipette furnished with a mouth-piece of rubber 
tubing, which may be nipped when the requisite quantity is removed. 
The pipette is then withdrawn, keeping the rubber tube tightly 
closed, and the liquid transferred to another test-tube. It is often 
advisable to adopt this method previous to decanting the top layer, 
which is much more effectively separated from a small than from a 
large quantity of the aqueous layer. 


KK2 
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MELTING-POINTS AND BOILING-POINTS OF GROUPS OF 
ORGANIC COMPOUNDS AND THEIR DERIVATIVES. 


Alcohols. 

M.p. B.p. 

Ethers. 

’ 

Esters. 

3 : 5*Di- 
mtro- 
benzo- 
ate. 

M. p. 

Phenyl 

Ureth- 

ane. 

M.p. 

Methyl 

B.p. 

Ethyl. 

B. p. 

Acetate. 

M.p. B.p. 

Benzo- 

ate. 

M.p. B p 

p-Nitro- 

benzo- 

ate. 

M. p. 

Methyl . 

67 

gas 

gas 

37 

195 

96 

107 

47 

Ethyl . . 

78 

gas 

35 

77 

21Z 

57 

92 

51-52 

Propyl . . 

97 

39 

63 

ZOI 

230 

32 

73 

57-59 

»-Botyl . . 

1 lit 






64 

6o~6i 

Isoamyl . . 

1 I3t 

92 

1 12 

140 

261 



52 

Octyl . . . 



I 

22 

30 




Allyl . . . 









Glycol , . . 

198 

82 

124 

187 

70 




Glycerol . . 

29 

102 


258 

76 



160-180 

Mannitol . 

160 



II9 

149 



260 

Benzyl . . 

205 

167 

185 

2X6 

20 345 

1 

206 

78 

Linalol . . 

198 

! 






65 

Borneol , 

203 212 



29 22X 

25 




Menthol . . 

; 42 212 



: 227 

54 




Cydohexanol . 

1 
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' Man> p>ndme dematues give colour reactions with ItClj. 
* Soluble in ether wutb a blue colour. 
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Aldehydes. 

M. p. B. p. 

Phenyl 

hydra/one. 

M. p. 

Nitro- 
phenyl 
hydra/one 
M. p. 

Bromo- 
phenyl 
hydrarone. 
M. p. 

Semi- 

carbazone. 

M. p. 

Formaldehyde 

gas 





Paraformaldehyde . 

amorph. 





Metaformaldehyde . 

171 





Acetaldehyde 

21 


98 

83 

162 

Paraldehyde . , 

U4 





Metaldehyde . 

11^ sublimes 





Chloral .... 






Chloral hydrate . 

57 





Butyl chloral hydrate 

78 





Acrolein .... 

52 





Benzaldehydo 

170 

155 

2Q2 

127 

214 

o-Nitroben/aldehydf‘ . 

46 

15? 




m- ,, 

58 

120 



24r. 

P- 

107 

157 

240 

127 

C2t 

p~C ummaldeh \ de 

232 

128 




CmnainaldehA de 

347 

! 168 

105 



Furfuraldehvde . 

1O2 

1 07 

223 

175 


Sahcylaldehyde . 

Jq6 

142 


1 


Vanillin .... 

80 

105 

22<> 

X45 


Piporonal .... 

37 263 

100 








Pbon>l 

Nlho- 

Bioin- 

Senii- 



Ovirne 

h>dr- 

ph< HA 1 

phenvl 

larb- 

Ketones and Quinones 



azone. 

hvdr- 

hvdr- 

azoiic 





azone 

a zone 



M p B p 

M p. 

M. p 

M p 

M p 

M p 

Acetone 

50 

t>o 

42 

148 

03 

187 

Methyl ethyl ketone . 

81 

I '(2 





Acetophenone . 

26 202^ 

60 

105 



105 

Benzophenone 

tS 

I4O 

137 




Benzoin .... 

134 


al ‘)5 BlO() 




Benzil 

i 90 


134 




Benzotjumone , 

116 






ct-Naphthaquinone ^ 

125 

207 





/»- » 

120 

149 






deoomp 






Anthraquinone 

285 


j 




Phenauthraquiiione . j 

205 
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Aliphatic 

Monobasic 



Pthyl 

Methyl 

/> Nitro 

Anhy 


Anil 

/» Tolu 



cstei 

ester 

lienryl 

dnde 

Amide 

ide 

idide 

Acids, 

M p 

B p| 

B P 

B p 

ester 

M p 

B P 

M p 

M p 

M p. 

I ormic 


101 

55 

32 

31 


200-212 
(B p) 
82 

46 


Acetic 


118 

78 

57 . 

78 

136 

115 

146 

Propionic 


141 

99 

8oi 

31 

168 

79 

105 

124 

n-Butync 


162 

I21 

102 1 

35 

192 

115 

92 

72 

isoButync 


X54 

1 

92 


182 

128 

102 5 

ro4 

tioValeric 


174 

( 134 

117 

. 

liquid 

215 

128 

115 

Palmitic 

62 



28 

42 

64 

104 

90 






(M p) 


(M p ) 



Stcanc 

69 



38 
(M p: 
130 

— 


10; 



Chloracetic 

63 

2S5 

i ^45 

liquid 

168 

J19 

234 


Dichloracetic 


igo 1 

1 158 

143 J 


214 

98 

U7 


Tnrhloiacctu 


ig^ 

\ 

I52I 

80 

224 

141 i 

82 


Bromicptic 

50 

208 

1159 

144# 

88 

245 

Qi 

X3X 


Tnbroriiarctn 


dec 

I22S 




121 



(Jnso/ura/fi/ 

Acrylic 

10 

140 

\ 

/ 




118 


(.rotomc 

72 

182 

142 

ft 



149 


Okie 

14 


1 1 

T 

liquid 


75 



1 UkIh 



\ 

/ 



94 
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Dibasic Acids. 


Ethyl 

ester. 

Dimethyl 

ester. 

p-Nitro- 

benzyl 

ester. 

Anhy- 

dride, 

Amide. 

Imide, 

Anilide. 

M.p. 

M.p. 

B.p. 

M.p. 

B.p. 

M. p. 

M. p, 

M. p. 

M. p. 

M, p. 

Aliphatic. 
Carbonie . 
OJCalic . . 

Midonic . . 

Succinic . . 

Glutaric . . 

98 

132 

185 

97 


126 

186 

198 

217 

236 

54 

18 

91 

163 

182 

195 

204 

85 

88 

119 

56 

133 

(dec.) 

170 

242 

176 

(dec.) 

126 

bo 

235 

345 

224 

227 

224 

UtiS^urated. 
Citracoaic. , 
Mesaconic 











Aromatic. 
rhthalic . . 

Isophthalic . 
Tejrephthahc . 

1 


44 

295 

285 

64 

140 

282 

(dec.) 

155 

202 

263 

128 

219 

(dec.) 

265 

233 

231 

(dec.) 

2^0 


Hydroxy-acids. 



Ethyl 

ester. 

Metliyl 

ester. 

p-Nitro- 

benyyl 

ester. 

Chlor- 

ide. 

.\nude. 

Amhde . 

M.p. 

B.p. 

B.p 

VI p. 

B.p. 

M. p. 

M. p. 

M p. 

M. p. 

Ahpkaiic, 
GlycotUe . . . 

I.actic‘ .... 
Malic .... 

Tartaric . . 

Citric .... 
Saccharic . . 

Mticic .... 

80 

100 

168 

i 

] 


128 

(lo rnm ) 
280 

48 

122 

(10 mm.) 
2«o 

liquid 

124 

163 

102 

310 


; 

197 

263 

Aromatic. 
o-Hydroxyhenzoic 
fsj^cylfc) . . 

w^Hydroxybehzoic 

fiandelic * . . 

Benailic . . . 

Gallic .... 
Tannic' .... 

155 

2o<a 

2x0 

xxS 

150 

222 

(dec.) 




22' 

96 

X06 

198 

99 

, 

1.30 
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Carbohydrates. 

M. p. 

Osazone. 

M. p. 

Reduce 

Fc'hhng’s 

Solution. 

[“'0 

Arabmosc 

100 

xf)5 

■f 

4-104 

Xylosk} 

144 

163 


4- 18 

Rhamnose 

93 

180 

+ 

4* 9 

ii-Glucoae 

144 

210 

-f 

4* 52*5 

^/-Galactose ........ 

163 

184 

+ 

4- 80 

^2'Mannose 

136 

210 

+ 

4- 13 

^'Fructose 

95 

210 

4- 

— 95 

Sucrose (Cane-sugar) 

160 


— 

4- 66-5 

Maltose 4- HjtO (Malt-sugar) ... 


190 

-f 

4-139 

Lactose+H,0 (Milk-sugar) . . 

203 

200 

4- 

4 52*5 









/>-Ni 

Benz- 


Amines. 

Base. 

Hydro- 
c blonde. 

Acoiyl 

Benzoyl. 

tro- 

benz- 

oyl. 

ene 

sulph- 

onyl. 

Phenyl 

urea. 


VI p. B p 

M.p. 

M.p. 

B.p 

M p 

B.p. 

M p 

M. p. 

M. p. 

A hphalu. 



28 

206 






Metbylamme . . 

gas 

226 

80 

291 




Diraethylamme 

gas 

171 


166 

41 

255 


47 


Tnmethylamine . 

gas 

271 




298 


58 


JCthylarame . . 

19 

76-80 


203 

7X 



Dicthylainine . . 

friethylamme 


215 

185 


280 



42 


A romaiic. 










Amlme .... 

183 

198 



204 



no 

235 

o-Toluidme 

199 

214 

no 


142 





m- „ 

20 i 

228 

65 


125 






43 200 I 

240 1 

148 


i«i8 





1 : 3 .4-Xyhdine 

212 

235 

no 


192 





Cumidine 

68 ! 


161 







o-Nitranilme . . 



92 





104 


m- „ • . 



154 





X31 


p- ■» • • 

o-Bromaniline . . 

31 250 


207 





139 



18 251 









/>• ., 

66 
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Hydro* 



P-Ni- 

Ben/- 



Base. 

chlor- 

Acetyl. 

Benz- 

tro- 

ene 

Phenyl- 

Amines (cont.) 



ide. 

oyl. 

benz- 

sulph- 

urea. 


Rp 



oyl. 

onyl. 



M.p 

M p. 

M. p. 

M p. 

M. p. 

M. p 

M. p. 

Methylanilme . . - 


192 

121 

102 

63 


79 

104 

Dimethylanihne . 


193 

85-95 




Ethylanihne . 


204 

176 

54 

60 




Diethylaiiihnc . 


213 







Benzylamixie . 


184 

148 

60 

105 


88 


o-Anisidine . . . 


215 


78 

60 




^ » ... 

57 



127 

153 




0. Phene Udine . 


229 


79 




P- M . . 

o-Phenylenediaruiue . 


254 

234 


133 




102 

2S0 


18s 

30 1 




w- „ 

63 

282 


191 

240 




P’ » . 1 

140 

267 


295 

above 









300 








199 

203 




Beniidine .... 




(mono) 

1 (mono) 




127 



317 

subi 







1 

(di) 

198 

(mono) 




Phenacetin .... 

135 








o-Tolidine .... 

129 



^ 306 

2O5 

(di) 

177 




Diphenylamine 

‘i 4 

310 


lOI 


124 


Pheuylbydra/irie , 
o-Naphthylaimne . 

17 

243 


128 

i()8 




50 

300 








III 

294 


132 

162 




Pyridine 


11*1 




1 


Quinoline .... 


239 

93 






Piperidine .... 


105 

237 

226 

48 


93 
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I Tabie op the Atomic Weights of the FLKMfMs 


O *= 16 


Elcmdit 

Symbol 

Atomu 

Weight 

1 1 ment 

Symbol 

Atomic 

Weight 

Aluminium 

A1 

27 I 

Neon 

Ne 

20 2 

Antimony 

Sb 

J20 2 

Nidccl 

Ni 

5868 

Argon 

Ar 

39 9 

Niobium 

Nb 

94 

Arsaenic 

As 

74 96 

Nitrogen 

N 

14 008 

Banum 

Bd 

137 37 

Osmium 

Os 

190 9 

Beryllium 

Be 

9 1 

Oxygc n 

0 

16 

Bismuth 

Bi 

208 

Palladium 

Pd 

I06 7 

Boron 

B 

10 9 

Phosphorus 

P 

31 04 

Brommt 

Br 

79 9- 

Platinum 

Pt 

195 2 

Cadmium 

Cd 

112 4 

1 otassiuni 

K 

39 10 

Ca'smm 

Cs 

132 8i 

Raciuim 

Ra 

2''(i 

Calcium 

Ca 

40 07 

Rhtxlium 

Rb 

10 „ 9 

Carbon 

C 

12 00 % 

Rubidium 

Rb 

85 45 

0 num 

U 

140 2«i 

Kuthermim 

Ru 

10 1 7 

( hloniK* 

Cl 

35 4b 

Scandium 

Sc 

45 I 

C hrommm 

( r 

52 0 

Selenium 

S( 

79 - 

Cobalt 

( 0 

58 07 

Silicon 

Si 

« i 

CopiKT 

Cu 

93 •)7 

Sihor 

Ag 

107 88 

1 luonne ' 

I 

19 

Sodium 

Na 

230 

G lUmm 1 

C, 

70 T 

Strontium 

Sr 

8763 

(icrmaniLim 

(,e 

5 

Sulphur 

S 

3-> oh 

(lOld 

\u 

107 2 

lantiluni 

Pa 

j8i 5 

Helium 

Iff 

4 0 

Icllunum 

It 

1.7 ■) 

drogt n 

II 

I 008 

Thallium 

11 

'•04 0 

Indium 

In 

114 8 

1 honum j 

rh 

23 t 5 

Iodine 

1 

126 02 

Im 

Sn 

lib 

Indium 

Ir 

1 

1 itaniuu) 1 

Ti 

48 I 

Iron 

U 

55 84 

1 nngstc n I 

W 

l«4 

Krypton 

Kr 

820 

1 ramum 

U 

238 2 

I authauum 

I a 

11)0 

3 anadium 

\ 

51 0 

Lead 

Pb 

207 -C 

\tnon 

Xc 

130 2 

Lithium 

1 1 

6 94 

\ ttcrluum 

\I 

173 -) 

Magnesium 

Mg 

24 32 

y ttnum 

Yt 

8} 33 

Manganese 

Mn 

54 93 i 

7 me 

7n 

cy 37 

M( rcury 
Molybdenum 

Hg 

Mo 

200 6 

96 

/irconmm 

Zr 

90 6 
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Vapour Tension of Caustic Potash Solutions from 10’— 20“. 



30KOH. 

40KOH. 

49KOH. 


100 HoO. 

100H.2O. 

100H2O. 

10*0 


6*50 

^*62 

10' 5 

7*56 

6*72 

5*8t 

II’O 

7*82 

6*95 

6*01 

ii '7 

8*19 

7*28 

6*29 

12*1 

8 * 4 t 

7*47 

6*46 

12'5 

8*63 

7*67 

6*63 

i 3 'o 

8*92 

7*93 

6*86 

J 3'5 

9*22 

8*19 

7 *OQ 

13*95 

9*49 

8*44 

7*30 

14‘S 

9*83 

8*74 1 

7*56 

15*15 

10*25 

9*11 

7*88 

15*30 

10*35 

9*20 

7*96 

i6'o 

10*82 

9*62 

8*33 

x 6 *j 5 

11*07 

9*85 

8*53 

i7’o 

It *54 

10*26 

8*88 

17*5 

11*91 

10*59 

9*17 

x8'o 

12*29 

10*93 

9*47 

18-5 

12*69 

11*29 

9*78 

10*0 

13*09 

11*65 

10*09 

19*4 

13*41 

11*93 

10*33 

20 0 

13*93 

12*40 

10*75 

20*25 

14*15 

12*59 

10*91 




S*o 
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IX.— Table of Specific Gravity and Percentage of Sulphuric Acid 
IN Aqueous Solution. (KolUe.) 

Sp. A’>'. at 15“ compared with zvater at o' 


Degree's 

Beaum6. 

Sp. gr. 
xs/o. 

TOO parts by 
weight contain 
H2SO4. 

1 Degrees 
' Beaume. 

Sp. gr. 
15/0. 

i(W parts by 
weight contain 
H2SO4. 

X 

i‘oo 7 

1*9 

34 

T’^^^oS 

40*2 

2 

3 'Ol 4 

2*8 


1*320 

41 6 

3 

1 '022 

3*8 

36 

x‘332 

43 

4 

1*029 

4-8 

37 

1*345 

44*4 


1 o-?7 

5*8 

38 

x *357 

45*6 

6 

X 04s 

6*8 

39 

J'^70 

46*9 

7 

3 *052 

7*8 

40 

1*^83 


! ® 

1 *060 

8*8 

41 

x *397 

49*6 

9 

1 "067 

9*8 

4a 

1 '410 

51*2 

j 30 

I '07s 

10*8 

43 

1*424 

52*6 

ll 

1 *083 

13*9 

44 

x’438 

54*0 

32 

X 091 

XJ 

43 

X 453 

55*4 

13 

I'XOO 

14*1 

46 

1*468 

56*9 

14 

I 108 

15 Z 

47 

x *483 

58*3 

15 

1 ‘116 

16*2 

48 

1*498 

59*6 

lb 

1*125 

17*3 

49 

x’ 5»4 

61 

17 

x’x 34 

18*5 

50 

1 * 5^0 

62*5 

IB 

1*142 

x 9'6 

51 

J 540 

64 

19 

1*152 

20*8 

1 52 

1*563 

65*5 

20 

1 '162 

22*r 

( 53 

I 580 

67 

2t 

1*171 

23*3 

1 54 

» 597 

68*6 

22 

I'lBo 

24 '5 

( 55 

x 615 

70 


1*190 

'25*8 

56 

i* 6 h 

71*6 

24 

I *200 

27*r 

57 

X *653 

73*2 

2S 

I *210 

28*4 

58 

1*671 

7 '< 7 

26 

1 *220 

29 6 

59 

I ■691 

76*4 

27 

1*2^1 

30*9 


1*711 

78*1 

28 

X 241 

32 *-i 


X *732 

79*9 

29 

1*252 

i 3'4 

‘ 62 

X 753 

«i *7 

30 

1 *263 

347 

I 64 

1*774 i 

84 *x 

31 

T274 

36 

j 64 

I 796 

86*5 

32 

1*285 

37*4 

S'" 

i*Bt 

89*7 

33 

1*397 

38 5 

j 66 

1*842 

too 
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II — Tablf of Specific Gravity and Percentage of H2SO4 in 
Concentrated Sulphuric Acid (Lunge and Naef) 

Sp ^ at 15“ compared rt tth water 4’ = i 


iVr cent 

Sp gr 1 

Per rent 

gr 

1 

H.SO4 

1 

II2SO4 

d _ 15/4 

1 

90 

1 3185 1 

96 

I 8406 

1 

91 

I 8241 

97 

1 8410 

1 

92 

I P ^94 ' 

98 

1 8412 


9 i 

I 83^9 

99 

1 8404 


94 

1 8^72 

100 

I 8384 


95 

r 8490 





IV — I ABLE OF SrRCiriC (jRAVlTV AND PERCENTAGE OF NiTRIC AciD 
IN Aque)us Solution (Kolbc ) 

V ^5** compared mth x<ater at o = t 


Sd in 

1 

bO ^ 

I i° 

rs 3 o 

1 TOO 

I 529 

99 5 

1 5 ^ 

07 9 

I 510 

99 

I S14 

ys 2 

I 50Q 1 

9 f 

I sob 

9j 

X 

02 

1 499 

yr 

I 495 

9 ^J 

I 494 

89 5 

1 488 

88 

I 486 

87 4 

I 4^2 

86 I 

1 478 

S5 

I 474 

84 

1 470 

i 83 

t 467 

82 

I 463 

80 9 

I 460 

j 80 

I 456 

79 



bC 


bJD 


& ir 

16 

Bo n 

rt 

cO 

Bo «r 

a« 


0.*- 


an 

CO rt 


-0 rt 

Pi 

If a 

I 45^ 

77 6 

J 36. 

58 

I 237 

I 445 

76 

I 358 

57 

I 2^5 

T 44 

75 

1 3M 

56 1 

I 218 

I 4 J8 

74 

1 34b 

S') 

I 2H 

I 445 

74 

I 341 

54 

I 198 

I 4,2 

72 4 

1 339 

53 8 

I 112 

I 4?; 

71 2 

1 3 55 

S3 

I 185 

T 4'’3 

69 9 

1 3>i 

52 3 

1 179 

1 419 

6y 2 

r 323 

SI 

1 172 

I 414 

68 

1 3*7 

43 9 

I 166 

I 410 

b7 

1 ,12 

40 

1 1S7 

I 40s j 

66 

134 

4^ 

T 138 

1 400 

6S 

1 298 

47 1 

I 120 

I ?95 

64 

I 95 

49 6 

I lOS 

I iQ4 

636 

I 284 

4S 

X o8q 

I 386 

62 

I 274 

43 5 

I 077 

I 3? I 

6i 2 

I 264 

42 

I 067 

I 374 

60 

1 257 

41 

I 045 

X 372 

59 b 

1 231 

40 

I 022 

I 368 

588 

1 244 

39 

I 010 


V 95 
<5 

8 


n 

<0 


7 

2i 

20 

17 4 

15 

13 

II 4 

7 2 

4 

2 


Percentage 
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V.— Table of Specific Gravity and Percentage op Hydrochloric Acid 
IN Aqueous Solution. 



Percentage 

HCl. 

CO a 

Percentage 

HCl, 

. H 

to <5 

1 

V 

f . 
go 

gw 

t^a 

Percentage 

HCl. 

3^007 

I 5 

3 ‘055 

31*0 

x'ii6 

23*1 

1*175 

34*7 

I’OlO 

2‘3 

1*060 

33 

3*125 

24*8 

x*i8o 

35 * 7 , 

lot* j 


3*067 

* 3*4 

3*134 

a6*6 

1*385 

36 -IS 

i*otq 

3*8 

1*075 

*5 

*•143 

28*4 

1*190 

H '? 

1 03r« 

4*5 

I *083 

i6*5 

X-I50 

39*7 

1*194 

38*6 

1 029 

5-8 

3*091 

38*1 

I x'lsa 

3o'2 

3*199 

39*8 

3*031 

6 a 

3*094 

38.6 

! **‘§9 

31 ’5 

3*202 

40*5 

r'036 


1*100 

* 9‘9 

1 x*i6r 

32 

3*205 

41*2 

1*044 

1 3*9 

3*305 

20*9 

x*i66 

33 

1*210 

, 42 4 

1 05a 

304 

i‘io8 

21*5 

X* 37 I 

33*9 

1*212 

43 


VI,— Table of Specific Gravity and Percentage of Caustic Potash in 
Aqueous Solution. 



0 




P 

1 

V 


fx 

SO 1 

&"»n 

cQ 

&\n 

£0 

1 

1 « 

bo * 

fx 

go 

{&« 

1 

0 *rr 
(U ® 

CUw 

& 0 

all 

CD ti 

a 0 

is 

{£ ° 

1*009 

1 

i’i66 

19 

1*374 

57 

i 

j 1*590 

54 

1*017 

2 

1*177 

30 

1*387 

38 

' 1 ‘604 

55 

1*025 

3 ! 

i*i88 

23 

1*400 

39 

1 3*618 

56 

1*033 

4 1 

3*198 

22 

1*432 

40 

1*630 

57 

l'04X 

5 

3*309 

S 3 

1*425 

41 

1*642 

58 

1*040 

1*058 

6 ^ 

3*220 

24 

1*438 

42 

1*655 

59 

7 ii 

1*230 

25 

3*450 

43 

1*667 

60 

1*065 

« 

1*241 

26 

1*462 

44 

1*681 

I 

1*074 

9 j 

1*252 

27 

1*475 

45 ( 

1*695 

62 

3 *o 8 j I 

10 jl 

3*264 

38 

1*488 

46 . 

3*705 

63 

3*093 

11 |l 

1*276 

39 

1*499 

H 1 

3*718 

64 

3*103 

12 

3 *288 

30 

1*511 

48 

i 1*729 

65 

I'lIO 

13 1 

1*300 

31 

1*525 

49 1 

1*740 

66 

1*110 

14 

1*331 

32 

1*539 

5 ° » 

1*754 

67 

I’xafi 

15 

i* 3®4 1 

33 

1*552 

51 

3 *768 1 

68 

**137 

16 

1*336 

34 

1*565 

52 1 

3 *780 ! 

6 q 

I* 14 <» 

1*155 

1 1 

11 j 

i ;349 1 

»*36i ] 

1 

35 

36 

1*578 

1 

53 » 

3*790 1 

70 
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Vn. -TAm,!? OF Specific Gravity and Percentagf of Caustic Soda in 
Aqueous Solution. 


a-w 

Ifi (0 

Percentage 
of XaOH. 

bC^VT) 

CX.-M 
£/J f 4 

Percentage 
of NaOH. 


Percentage 
of NaOH. 

dtj 
irj rt 

Percentage 
of NaOH. 

j 01 i 

1 

1*211 

TO 

1*405 

37 

1*580 

54 

1 ’023 

2 

I 2?5 

20 

1*415 

38 

1*591 

55 

1*035 

I 

1*236 

21 

1*426 

39 

1*601 

56 

1*048 

4 

1*247 

22 

x '437 

40 

i*6ix 

57 

1*058 

5 

1*258 

23 

1*447 

41 

1*622 

58 

t "070 

(^ 

1*269 

24 

1*457 

42 

I 633 

59 

i*o8i 

7 

1*279 

25 

1*468 

43 

1*643 

60 

X 'ogj 

8 

1*290 

26 

1*478 

44 

1 654 

61 

1*103 

0 

1 0 

-’7 

I *488 

45 

1 *666 

62 

I 1x5 

10 

1 ,10 

78 

1*499 

46 

1*674 

O3 

X *r-'6 

X r 

1*121 

29 

1*509 

47 

I 684 

64 

1*117 

12 

X 

30 

1*519 

48 

1*695 

65 

r *148 

1 1 

I Mi 

31 

1*529 

49 

’‘705 

66 

I'JSy 

14 

1 3 S? 

32 

1*540 

50 

1*715 

67 

X *170 

15 

i* 3<''3 


1*550 

51 

1*726 

68 

i*x8r 

x6 

1 ’’374 i 

34 

I 560 

52 

1*737 

69 

1 *192 

17 

! I {84 i 

i 5 

I 570 

53 

1 748 

70 

1 20? 1 

1 

18 

j x '395 

3 t> 






VIII.— Tarlf or Sf’Fcinc Gravity ano Pfrct'ntai.f oi Avimonia in 
A<>ufous Solution. 

. 9 /. gr. at 14” compated with water at 14' — i. 





<u 


<u 



bi) 



bo . 

CIS eo 

1 & 

bo . 
a 

cX 


c ® 

d. 


d 


1 d 


d 


W 

^0 

in 


! ^ 

' 

cS 0 

CG 


■884 

36 

■905 

27 

'031 

x8 

■963 

Q 

*886 

35 

’007 1 

26 

‘934 ! 

17 

*067 

8 

*888 

34 

*9x0 

25 

1 *938 1 

16 

•970 

7 

*891.) 

\\ 

*yn 

24 

*041 

15 

■974 


‘892 

32 

*916 

23 

*944 

14 

*079 

5 

•895 

31 

*919 

22 

*948 

13 

*983 

4 

*897 

30 

'022 

2T 

•952 

X 2 

*987 

3 

•900 

29 

025 

20 

•955 

11 

*991 

2 

•902 

28 

•928 

19 

•959 

TO 

'995 

X 


t L 


Cohen’s p. o. C4 
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ABSoitrrE alcohol, 53 
AcetaldehyAe, 71, iS, $74 
A(ttamide, 89, 380 
Acetanilide, 109, 412 
Acetchloranilide, 170, 412 
At f tic acid, 86 
Arctic anhydride, 88, 379 
Acetic ether, 96 
Acetmonobromamide, 92, 94 
Acetoatetu « ster, 98, 385 
Acetone, 80 

Acetone dicarboxylic acid, 150, 406 
Acetone duarlioxylic ester, 150 
Acetonitrile, 91, 381 
Acetophenone, 257, 447 
Acetophenoncoxirne, 258 
Arc tophenoneseraitarlw^one, 248 
Acctoxime, 82 
Acclylau tone, 104, 389 
Acetylatninoethoxybcnzcne 2I4 
Acetyl chloiide, 87, 378 
Atet> I method (rtrkiu) 284 
Acetylphenc tuluu 212 
Acetylsalirylic acid, 286, 433 
Acridine, 278 
Acridine yellow, 306 
Aendone, 878, 455 
Acrolein, 129 

Air bath, of Gattermann, 25 of V IMcytr, 
28, of L Mt>er 33, ?Oi) 

Alcohol, 53 , absolute, 53, alhl 13 , 
amyl, 79, brnryl, 229; butyl, 76, 
ethvl, 54 ; nicthvl, 74 
Aldehycle-ammonia, 72 
Alirarm, 289, 457 
A I Ian tom, 335 
Alloxan, 385 , 47 © 

Alloxantin, 334, 469 
A 11>1 alcohol, 132, 398 
Aluinuimm chloride, 361 
Alummium-mercury couple, 2O2 
Arninoacet/c acid, 118 , 39J; 
Aminoazobenzcne, 196, 421 
m Aminobenzoic acid, 244, 440 
Ammobcnzyl cyanide, 356 
p Amino-cthoxybenzene, 213 
Ainmoglutaric acid, 3*50 
a Ammo-^ naphthol, 202 
p Ammophenol, 165, 433 
3^- Aminoquinoline, 801, 459 
Ammonia, table of sixicific gravity, 513; 

preparation of, 72 
Amyl alcohol, 79 
Amyl nitrite, 79, 377 

Analysis, organic, 3 ; qualitative, 3 , c^uanti. 

tative, 5 , of fits and oils, 314 
Aniline, Iw, X 57 * 411 , estimation of, 168 


A ulme ycl'ow, 195 
Ariisofe, 807 , 429 
Anschutz tbemiomcter, 64 
Anthracene, 2 87 , picrate, 287 
Anthranibc acid, 272 
Anthraquinonc, 287 , 456 
Anthraquinonc fi monosulplionatc of sodium 
288 

Appendix, 369 
Aspirin, 226 , 433 
Atomic weights, table of, 507 
Autoclave, 289 
Azobenztnc, 160 , 409 
Azotometcr, 16 
Azoxybenzene, 169 , 409 

Barfoed's reagent, 327 
Beckmann, ficc /mg point apparatus 35, 
boiling point apparatus, 39, 42 , ther- 
mometer, 33 

Bed mannas reaction, 258 
Benedict's solution, 322 
Ben/alac etone 240 , 438 
Ben/alamime, 233 

Bcnzaldchydc, 231 , 436, from benzyl 
chloride, 231 , from bcnzal chloride, 
232 

Bciizaldehyde green, 266 , 452 

a Bcnzaldoxime, 239 , 437 

P Benzaldoxime, 239 , 437 

Beii/almalomc acid, 248 

Benzanude, 255 

Bcnzamlide, 255 

Benzene, 151 

Benzene chloramine, 205 

Benzene diazonium sulphate, 182 

Benzene ethyl suJphonate, 205 

Benzene phenyl sulphouatc, 205 

Benzene sulphonamidc, 205 

Benzene sulphonanihde, 205 

Benzene sul phonic acid, 203 , 426 

Bevueae sulphoruc chloncie, 204 , 4^7 

Benzidine, 163 

Benzilj 246, 440 

Benzilic acid, 247 , 44 z 

Benzoflavinc, 306 , 461 

Benzobydantoin, 273 

Benzoic acid, 241 , 438 

Benzoic ester, 266 , 446, hydrolysis of, 256 

Benzoin, 246 , 440 

Benzophenonc, 262 

Benzoylacetone, 259 

Benzoyl chloride, 254 , 446 

Benzoyl peroxide, 2-55 

Benzoyl piperidine, 803 , 460 

Benzyl alcohol, 2 ^, ^6, 43s 

Benzyl chlonde, 228, 434 
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oyanide. M, 43^ # 

BenzyUdeue attmae, 233 ^ 

Benzylideae piicuylhydrdzcme, 234 
Benzyl malonic acki» 248 
B^jwyl phexiyluretliane, 230 
Bisdjazoacetate of sodium^ xi6 
Bitter almood oil, 881 , 436 
Biaret, 331 

Biomstrand's formula. 417 
Boiling point detennination of, 63 ; conrc- 
tion lor, 63, apparatus of Beckmann, 
39, 42, of walker and lumsdtn, 4*, 
of organic compounds, ^00- *50 5 
Boilmg-pomt method, 38, statical, 39, 
dynamical, 42 

Boniylamme hjdrothloridt , 807 , 459 
Bomyl chlonde, 291 
O-Bromacetamlide. 171 , 412 
Bromacetic acid, 110, 390 
I Bromatttyl bromide, no 
Bromobenzene, 155 , 406 
m-Bromobenzoic acid, 245 
p’BTOiiiQtolucne, 189 4 19 
BUim's reaction, lyS 
Butter fat, estimation c f 31 y 
»-Butyl alcohol, 76 
«-Butyl bromide, 76 , 376 
«-Butyl cyanide 77 , 376 
«-But>nc acid, 119 


Caffeinb, 887 , 471 
Camphene, 292 
Camphor, 894 , 418 
Campfaoroxinu , 896 , 4 <19 
Camphor sulphomc acid, 293 
Cane sui^ar, 319 
Carbamide, 330 
Carbamine reaction, 81 
Carbolic acid 20 •> 

Carbon, qualitative analysis, 3^ quanti- 
tative analysis, 5 
Carbon dioxide generator 17 
Carbon monoxide, preparation Ot, 235 
Corfws* method, 24, 29 


Casern, 826 , 4h7 

Caustic potaib solutions, specific gravity 
of, 512 

Caustic soda solutio is, specific gravity ot, 


Chaitamv^s reaction, 170 
p-Chloracetamlidt\ 170 , 41-2 
Cbloracetic acid, 106 , 390 
Chloracetic ester, 107 
Chloral, 120 
Chloral hydrate, lao 
Chlorhydrin, 135 

Chlorine, detection of. 4; estimation of, 
24 , preparation of, io 5 
Chlorobenzene^ 154 , 406 
o-Chlorobenzoic acid, 2716 
p-Chlorobenzoic acid, z88 
Chloroform, 80 ^ 

pCWorotoluenc, 187 , 419 
Cholesterol, 6I6, 464 
Cinchona barh, 308 
Cinnamic afisid. fMt 44^ 

Citraconltf «cio, 148 , 404 

> 'H 


Combustion, 3, carbon and hydrogen, $; 
nitrogen compounds, ik , eulitanceS 
containing halogens and sulphw, 15# 
containing nitrogen, 13, volatile and 
hygroscopic substahees, 13 
Combustion furnace, 10 
Correction for boiling {wunt, 53 
Coumatin, 281 , 432 
Creatine, 338 
P Cresol, 188 , 4^9 
Cryoscopic method, 34 
Crystallisation, 56, iiactional, 146 
Crystal vioht, 868 , 

Cuprous cblondi, 187 
Cyanacetic acid, 108 
Cyanacetic ester, 168 , 39 * 

Cyclohexanol, 209 
Cystme, 351 

Dehydration, 60 
Depressimc ter, 38 

Detennination of boiling point, 63 * frect 
ing piomt, 34 , melting point, §3, rota- 
tory power, 139, spetihc gravit), 61 
Dcxtroi>f, 319 
Diacetofvammc, 86, 378 
Diammobenzene, 175 

1 liazoacetK esU r, 114 30 1 
Diazoammobenrene, 164 , 420 
Diarobeuzcnt f)erbn>mulr, 183 
Dmolien^cue sulphate 182 , 417 
Diazobenzolmudc 307 

Dibt nzalacetone, *41 

Dichloraectic acid, 121, 396 

Dichlorhydrrn, 135 

Dieyanodiamidc, 32B 

Diethyl ether, 65 

Diitbyl malonate, 116 , 394 

Dihydroxysuetmn acid 13K 

Dimethylamme byclrothloiidt , 95 179 , 384 

Dmieth^laiiilme, 176 , 4H 

DiniethylnitrosamiiK , 96 384 

19 imothvl ketone, 80 

Diiuethyl p nheoylenc diamiru, 201 

Dirac tbvi sulphate, preparation ol, 362 

Dinaphtho', j8i 

n Diuitrolx nzt ne, 174 , 414 

2 4 Dimtrochlorobenzene, 816 , 4 JO 
2 4 Diiutroplunol, .„i 0 
Diphcnylamint, 179 
Dipfaenylhydrazme, 162 
Diphenyluiethaiie, 281 , 4'}o 
Diphenvltbiourca, 1 80 

Distillation m steam, 130, frarlional, 141, 
Hi vacuo, loo, m superheated steam 
179 

Drying apparatus, 6 
Drying oils, 317 

Ebuilioscoi’ic method, 38 
Llcctrolytic reduction, of oxalic acid, 127, 
of nitrobenzene, 159, i6i 
Elements, 507 

Hosin, 2x8 » 

Epichlorhydrm, 185 , 399 
Estimation of carton and hydrogen, 4; 
halogens, 24 , nitrogen, 15,22, sulphur 
29 

Ether, 66 , 371 ; cottiniereial, 56 
Ethyl acetate, 96 , 384 
Ethyl acctoacetatn, 96 ^ 385 
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Ethyl acc^toacetic eater, 103 

Ethyl acetotiedicarboxylate, 150 

Ethyl alcohol, 54 

Ethyl benzene, 1 IW, 407 

Ltbyl benzoate, i^6, 446 

Ethyl bromide, 69 » 369 

t thyl chloracetate, 107 

Ethyl ryanacetate, lOo, 301 

Ethyl diazoacctate, U 4 , 393 

Ethylene bromide, 08 , 89 , 372 

Ethyl ether, 88, 371 

Ethyl iodide, 64 

Ethyl naalonate, 1 X 8 , 394 

b thyl malonic acid, 1X7, 394 

Ethyl oxalate, 125 

1 thyl oxaloacetate, 126 , 397 

Ethyl phenylacetate, 881 , 436 

I thyl phenylaramoacetatc, 238 , 437 

Etb^^henyl methyl hydroxypropionate, 

Fthyl potassium sulphate, 55, 369 
Ethyl tartrate, 189 , 401 , rotation of, X43 
Ethyl terephthalate, 193 
Fthyl valerate, 78 
I ykntan*i depressimeter 38 

1 ATS, analysis of, 314 
1 ehitng*s solution, 320 
} liter pump, 44 
I liter, fluted, 57 

1 iltratiou through <.loth 337, under xe- 
ducid pressure, 44 with Huttd filter, 
57 

/ est< r method, 339 

/ i>%her Speifr, ester method, 25 5 
1 Ulig's reaction, 156 
1 luoroscein, 218 
1 luted filter, 57 
1 orrnic and, 130 , 398 
1 ractional distillation, 

1 ractjonating columns, 1*^2 
I reezing point method 34 
J riedel CraJU* reaction, 2 S 7 , 262, 264 
Funnel, hot water s8 separating 60 
I uruace, combustion, 10, tube, 25 
I usel oil, 79 
1 usiblc met il bath, 97 


Cabrusl s reaction, 848 , 472 
Gall stones, 318 

Oattermann* diazo«rcaction, 189 fumact 
25 

(,elatine, hydrolysis of, 341 
Glucosamine, 324 

Glucose, 819 , 464 istimatiou of 320 

Glutamic acid, 350 

Glutanc acid, 119 

Gluten, 350 

Grlycenn, 129 

Glycerol, 129, tribenzoate, 129 

Glycerol monofomim, 132, monoxahii, 132 

Glycine, 118 , 39a, 472, from phthalimide,. 


343 

Glycine ester hydrochloride, 113, iroru 
gelaUne, 341 
GlycocoU, 118 , 392 
Glycol lie atid, 397 

Glyoxalic acid, 188 . 187 » 397 
Glvoxyhc acid, 188 , 187 , 397 
Grape-sugay, W 464; estimation of, 3*0 
GrsgiMird*s wifthtton, 252, 365 


Guanidine iduocyanate, 889 . 468 

Halocens, detection of, 4 j estunation 
of, 24 

Heating under pressure, 90 
Helianthin, 200 

Hell Volhard Zehnsky method, 1x0 
Hempel fractionating column, 153 
Hexamethyltriarainobenreiio, 2^ 

Hippunc acid, 344 , from glycme, 345 
Hofmann* s bottles, 31 
Ho/mann*$ reaction, 92, 93 
Hot wati^r funnel, 58 
Hydantom, ^42 
Hydrazobenrene, 168 , 409 
a H ydrindone, 1 ^ 0 , 444 
Hydfnodic acid, preparation of, 363 
Hydrobenzamide, 233 

Hydrobromic acid, 156, preparation of, 
362 

Hydrochloric acid, preparation of, 362 , 
specific gravity of solutions, 512 
Hydrocinnamic acid, 249 
Hydrocyanic acid, preparotion of, 849 , 444 
Hydrogen, detection of 3, estimation oi, 3 
Hydrolysis of ethyl acetate, 97, of ethyl 
benzoate, 256 
Hydroqumone, 237 
Q Hydroxybenzaldehyde, 819 , 432 
p Hydroxybeuz aldehyde, 219 , 432 
Hydroxybenzenc, 805 , 428 
m Hydroxybenzoic acid, 245 , 440 
o*Hydroxybenzoic acid, 283 , 432 
A-Hydroxybcnzylcyamde, 357 
Hydroxyl method (Ischugaeff), 285 
Hypnonc, 257 
Hypoxanthine, 338 

Idi NTiFiCATiON of Organic substam*es, 473 
Indigo, 274 , 454 

Insoluble solids, 491 liquids, 488, other 
compounds 494 it i>eq 
Invert sugar, estimation of, 320 
Iodine value, 31s 
lodoloim reaction 34 
lodosotoluene, 191 , 4-0 
p lodotolucne, 190 
Isatin from mdigo, 876 434 
Isoborneol, 293 
Isoborajl acetate, 293 
Isopropyl iodide, 184 , 399 
Ivory nut, 327 

KjeldakVs method 22 

Lactic acid, 825 467 

Eactosazone 327 

Lactose, 886, 4^7 

Langmuir pump, 100 

Laurent* s polarimctcr, 14 1 

Leucine, 839 . 472 , from 1 amyl alcohol, 349 

L%ebcrmann*s nitroso-reaction, 179. 207 

Etng’s indicator, ^21 

Maiachxte green, 866, 452 
Malic acid, 137 
Malonic ester, 116 , 394 
Mandelic acid, 851 , 444 
Maiidelic nitnle* 252 
Mannose, 827 , 468 
MUting point determination, 83 
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Meltwg’poixits os compDitoda^ 900 

Memiry-viip<w p«»p, w 
Mfssac^o acidi« HR* 404 
Mesityl oxiOe, tC 377 
Meaotertaric acid* 140 , 403 
Mesoxalyliirea, 333 

Method ol C^s, 29; Punias^ 15; Hell* 
Volhard'^ZelinMcy, ixo, Kjeldahi, 22; 
V Meyer, 30; A G. Perkin, 284; 
Ptna and Schi£l, 29 , Tschugaeft, 283 
o-Metboxyonnamiii eiter, cis, txaas, 

432 

Methyl acetate, 96 
Methyl acetyl uiea, 02 , 383 
Methyl alcohol, 7* . purification of, 324 
Metbylamine hydrochloride^ 98 , 383 
i Methylated spirit, purification or, 32 
I Methyl cyanide, 91 
1 Methyleneammo-acetonitriie, 113 
I Methylene blue, 178, 20 x 
« Methylene dimalonic ester, 119 
^ a Mefiiyl glucoside, 898 , 466 

Methyl guanidine hydrochloride, 880 , 468 
Methyl iodide, 76 , 376 
Methyl orange, 900 , 424 
Methyl oxalate, 124 
I Methyl phenate, 207 
j Methyl phenyl carbinol, 252 
Methyl phenyl ketone, 257 
Methyl potassium sulphate, 58 
Methyl propyl ketone, 103 
V, iweyer’s vapour density method 32; 

air-bath, 28 
A/iWon’s lea^nt, 339 
Milk, estimation of butter fat, 517 
Milk-sugar, 896 , 467 
Mixtures, analysis of, 498 
Molecular weighty determination of, 30 , by 
vapour density, 30 , by freer mg point, 
34 , by boiling pomt, 31 , from organic 
acids, 44 , from organic bases, 47 
Mohsch's reaction, 320 
Monobromacetic acid, 110 , 390 
Monochloracetic acid, 106 , 3^ 
Monochlorhydrin, 135 
Muck acid, 397 , 467 
Murexide, 333 
Mutarotation, 465 

NAPiirHAtENE, 270; from naphthalene sul- 
pbonic acid, 279 
Naphthalene picrate, 270 
^-Naphthalene sulphonatc of sodium, 278 

^NatSftbol, 280 , 4^5 

Naphthol orange, 424 
N^^hthol phenylurethane, 281 
m Nitracetanilide 175 
o-Nitracetanihde, 171: 
p-Nitracetaniluk, 17s 
m-NitranxIine, 173 
o-Nltraniline, X7X 
h-Nitraniline« 173 

Nitric aeiki (fisinxng)^ 24; specific gravity 
408 

Mf-^Nitrohankoic ackt« 244 . 440 

h-Ki^bp^k held, 242f 44P 

lister, 55 

chloride, 243 


^-Nitrobeniyl cyanideg 353 
^•Nitroethoxyhenhena^ 212 
Njtromethane, 100 , 392 
^-Nitrophenylhydraajliic, xgB 
p-Nltxoquinohm-, 806, 459 
Nitroso-reaction, 179, 207 

Cits, analysis of, 3x4 

Organic acids, molecular weight of, 44; 

melting- and boUmg-points, 303 
Orgamc analysis, qualitative, 3; quanti 
tative, 5 

Organic bases, molecular weight of, 44* 
melting- and boiling points, 505 
Organic compounds, identlhcation m, 473 
Oxalic acid, 397 
Oxalic esters, 124, 125 
Oxaloacetic ester, 128 , 397 
Oxamide, 124 

Oxanthranolate of sodium, 288 

PALiiitic acid, 

Palm oil, 313 

Paraldehyde, 74 

Pararosamline, 263 

Pentamethylene dibromide, 304 k 460 

Pejfktn's acetyl method, 284 

Perkm^s pyknometer, 62 

Perkin's reaction, 24 8 

Phcnacetin, 212, 214 

Phenetidine, 213 

Phenol, ^ 5 , 428 

Phenol phtbriein, 216 , 431 

Phenolsulphonic acid, 214 

Phenylacctic ester, 436 

Pbenylacrtdinc, 805 , 461 

Phenylacryhc acid, 9 w, 44 x 

Phenylalanine, 345; from bcnxaldehydc 

inienj^aramo acetic acid, 287 , 437 
H^enylamioo acetic ester, 1^8, 437 
Pbenylanthranihc acid, 277 , 455 
Phenyl benzoate, 255 
Phenyl bromide, 166 , 406 
Phenyl carbamuie reaction, 61 
Phenyl carbimide, 181 
w-Phenylencdiamine, 175 
/>-Pheay’enediaminc, 195 
a-Pbenyletbylamine, 2 ^, 450 
Phcnyiglydnc o-cart)OxyUc acid ^74 
Fhenylfa^razine, 186 , 422 
Phenylfaydroxylamine 164 , 411 
Phenyl methyl carbmol, 2 ^ 443 
Phenyl methyl <ether, 207 
Phenyi methyl 6-hydroxyprop»onic ester, 
45<> 

Phenyl methyl ketone, 237 
l^benyl methyl pyrazolone, 198 , 422 
Phenyl methyl triazolecarboxylic aetd, 807 , 
461 

J[%enyl mustard oil, 181 , 4x6 
Pbcoyl propionic acid, 249 
Phenyl propionyl chloride, 250 , 444 
Phenyl thiocarbimide, x8i 
PhenyUhiourethane, i8x 
Phcnylurethanc ethyl ester 55; methyl 
ester, 75 
Phoronc, 81 , 377 
PhoApbonis, dbtectKm of, 5 
Phosphorus pentebmmide, 36 
Phosphorus pentaridphide^ 365 
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Phosphorus triHCMjide, 365 
Phthalic ac«i, 4^3 
!%thaUo anhydride, Z 7 t 
Pbthallfflide, 27^ 

Picric awd, 816 , 430 
Pineue bydtocblonde, 1 ^ 1 , 4<;S 
Pirn aua S(hff*s method, 29 
Polarlmeter, 141 
Potash apparatus, 7 

Potash solutions, specific gravitv of, 51* 
Potassium ethyl sulphate, 55 
Potassium methyl sulphate, 55 
Preparations, general remarks, 51 ; reagents, 
361 et 9 eg. 

Pressure tube furnace, 35 
I^essure tubing. 25, 89 
Punfication of benzene, 151; of ether, 66, 
of methylated spint, 52 
I^knometer, 61 
Pyruvic aiid, 14 Ir 


QUANTiTATivt estimation of carbon and 
hydrogen, 5, halogens, 24, nitrogen, 
15, 22 , sulphur, 29 



Quinolj 227 , 433 
Quinoline, 298 , 459 
Quhione, 226 , 
Qumonc oxime, 179 


Racemic acid, 146, 403 , resolution of, 146 
R{ action of Beckmann, 258 Bulow, 198, 
Claisen, 240, 259, littig, 156, Pntdel 
Crails, 2'>7, 2O2, 264, Ciabntl, 343, 
472, Cngnard, 252, 26$, Hofmann, 
92, 93 , Licbemranu, 179, 207 , l^rkm 
248, Reformatrky, 261 bchJff, 73, 
Schott Baumann, a*?*?, I llmann, 277 
Reagents, preparation of, 361 
Reduction, electrolytic, 129 
}ieJorfnatzhy''i reaction, 261 
fieukert Mens^l value, 316 
Rmg bunier, 131 

Rotation, specific, 143, molecular, 143, o/ 
ethyl tartrate, 143, ot tartaric acid, 

144 , 

Rotatory power determination of, 139 

Saccharic acid, 823, 466 
Sahcylaldehyde, 219, 433 
Salicylic acid, 228, 432 
Sandmeyef''. reaction 187 
Saponification of ethyl acetate, q 7 ; of 
ethyl benzoate, 256, ot palm 011,313 
Saponification value 31*; 

Sarcolactic acid, 338 
Schifs arotometer, 16, reaction, 73 
itt^hoMen-Baumann reaction, 255 
Sealed tube furnace, 25 
Scaled tubes, 25 
Sodium amalgam, 240 
Sodium benzene chloramide, 205 
Sodmm benzeue sulphonatc, 203, aHo 
Socliurn bisulphite, 73, 232 
Sodmm hydroxide solutions, specific gravity 
of, 5*3 

Sodium knife, 66; prew, 66 

Sodium naphthalene ftvdphonate, S 79 » 45^ 


Solubility tables* 478 ei m* 

Sipieclfic gravity of sointima of ammonia, 
513, caustic potash, 51a ; caustic soda, 
513, hydiocftlofic acid 5*2; nltnc 
acid, 511 , sulphuric acid, 510 
Stllbheads, X52 
Stirrers, mechamcal, iia, i6a 
Sublimation, 288 
Succmic acid, lSf 7 , 400 
Sulpbamlic acid, IW, 4«3 
Sulphur, detection of, 5 , estimation of, sg 
Sulphuric acid specific gravity of solutions, 
«;io 


Tablf of atomic weights, «)7 of solm 
bihties, 478, of specific gravity of 
solutions of alkalis and acids, 510 
ei seq. 

Tartaric acid, 138 , ester, 139 
lautomensm, 389, 454 
lerephthaUc acid, 193 , ester, 193 
J etrabromocrcsol, 186 
retrahydroqumolme, 299 
Tetramethyidummobenzbydrol, 268 
Totratnethyldianunodiphcnyl methane, 267 
Tetramethyldlaminotnphenylmethyl chlor- 
ide, 266 

Thermometer, Anschiitz, 64 , Beckmann, 35 
Thiocarbamide, 882 , 469 
Thiocarbanilamide, 181 
Ihiocarbanilide, 180 , 416 
Ihiocarbimide, 416 
Thionyl chloride, preparation of, 365 
Thiourea, 332 

Toluene from p toluidine, 184 , 419 
p Toluic acid, 193 
P loluquinaldme, 202 , 460 
/)-Toluylaldehyde> 234 
p-Tolyl cyanide, 191 
lolylmuuotther, 192 
Tolyliodochionde, 19 1 
Tnbromophenol, 206 
Trichloracetic and, 122 , 396 
Tnmethylxanttuue, 337 
Irmitrophenol, 214, 216 
Triphenylcarbinoi, 266 , 452 
Triphenylguamdme, 391 , 416 
Tnphenylmethane, 202 , 450 
Tnphenylmethyl, ad*) 
rnphenylmethyl chloride, 284 , 431 

method »85 

1 ube furnace, 25 

Tyramine hydrochloride, 354 

Tyrosine, 889 , 472 , hydantoin, 340 

UUmann's reaction, 207, 277 
Uramidoacetic ester, "42 
Uramidobemmlc aud, 273 
Urea, 880 , 468 

Uric acid, 332. estimation of, 333 

Vacuum desiccator, 46 
Vacuum distillation, 100 
Valeric acid, 77 , 376 
Valeronitriicj 79 
Vapour density method, 30 
Vapour tension of water, 508; of caustic 
potash soluUoos, 309 
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Meytf apparatus, 30 XANTwopaoTitic feactioa, 33a 

Iractionatiog o^mn, 152 


WATwa-jaT aspirator, 45 
Water turbine, tia 
solution, $15 


1 <mw^ ««4 Tkomas fractiottatii^ odomn, i $2 
ZfitseVs method, afti 


Fai>ma» i» (^KivAt XfffiiAiir m R/cti^aa CiAr Soifs, X<iiain;a, 
»us«Av, snrvauL. 



